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Introduction: Loneliness is considered an important determinant of wellbeing and 
has been associated with poorer cardiovascular health. Therefore, the examination of 
the psychophysiological mechanisms through which loneliness can influence health 
has become a priority. This thesis aims to examine the relationship between 
loneliness and cardiovascular reactivity (CVR) to acute psychological stress in 
younger and older adults.  
Method: This thesis consists of a systematic review and three empirical studies. 
Study 1 was a systematic review of past studies that sought to evaluate the 
association between loneliness and physiological reactivity to acute stress. Study 2 
investigated the relationship between loneliness and CVR in younger adults. It also 
examined if this relationship varied by acute stressor type (e.g., mental arithmetic 
versus speech). This was followed by Study 3 which again examined the association 
between loneliness and CVR but this time in a sample of older adults. In addition, to 
investigating if this association varied by stressor type, this study also included a 
briefer measure of the same loneliness scale. Finally, Study 4 pooled the data from 
Study 2 and 3, to compare CVR to acute stress between the younger and older adults, 
while exploring if any differences in CVR were associated with loneliness.  
Results: For Study 1, the systematic review found that the majority of the available 
studies supported an association between loneliness and CVR to acute stress. 
However, the review also highlighted a few inconsistencies in previous findings such 
as the direction of this association across different cardiovascular parameters and 
variation in responses across different stressors. In Study 2, greater loneliness 
predicted a diminished total peripheral resistance (TPR) response to acute stress in 
iv 
younger adults but only to a public speaking task. When adjusting for potential 
confounding variables, greater loneliness was also associated with an increased heart 
rate (HR) response to the same speech task. In Study 3, higher levels of loneliness 
were related to diminished systolic blood pressure (SBP); however, this was 
dependent on the measure used to assess loneliness with the briefer measure being 
more predictive. Again, this association was found specifically in response to a 
speech task. Regardless of how loneliness was assessed, it was also associated with 
higher overall levels of TPR. In Study 4, there were differences in CVR observed 
between the two age groups. Greater loneliness predicted increased HR reactivity in 
younger adults but lower HR reactivity in older adults. Greater loneliness predicted 
diminished SBP to the speech task as well.    
Conclusions: Overall, the findings support an association between loneliness and 
atypical CVR to stress across age groups. Stressor type may have an important role 
in this relationship. While there are still a number of issues needing further research, 
CVR remains a plausible pathway through which loneliness may influence 
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Loneliness is the unpleasant emotional response stemming from a perception 
of inadequacy in one’s social relationships (Hawkley & Cacioppo, 2010; Peplau & 
Perlman, 1979; Pinquart & Sorenson, 2001). This negative experience is 
underpinned by cognitive, psychophysiological and behavioural changes. Loneliness 
has been a topic of interest for a long time; however, it was arguably not until the 
latter part of the 20th century when the scientific study of loneliness began in earnest 
(see Sullivan, 1953; Fromm-Reichman, 1959; Moustakas, 1961 for early examples). 
Bowlby (1973) viewed loneliness as a crucial survival mechanism in humans 
encouraging closeness to other humans. Building upon Bowlby’s (1973) work, 
Weiss (1973, 1974) suggested that loneliness stems from our unmet social and 
emotional needs, which are usually fulfilled through our different social 
relationships. He theorized that these relationships are critical to wellbeing, so 
without them our needs go unmet and thus we experience increased distress. Around 
this time, research had begun to highlight the potential negative health effects that a 
lack of social connections can have on an individual. For example, social 
relationships were suggested to be protective against stress and not having the 
necessary social support to cope with stress places individuals at increased risk of 
adverse health outcomes (Cassel, 1976; Cobb, 1976). 
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Peplau and Perlman (1979) however, felt that early conceptualizations 
including Weiss’ social needs approach did not clearly distinguish loneliness from 
other psychosocial factors such as social support or objective social isolation. They 
suggested that placing too much focus on actual levels of social connectedness, 
failed to fully acknowledge the importance of how we subjectively perceive our 
relationships and the cognitive processes involved in loneliness. Individuals can 
experience loneliness despite having numerous relationships and equally may not 
feel lonely when by themselves (Hawkley & Cacioppo, 2010). Therefore, when it 
comes to loneliness it is the perceived quality of an individual’s social relationships 
as opposed to the quantity which has been demonstrated to be the most relevant 
(Hawkley et al., 2008; Pinquart & Sörensen, 2001). 
To address this, Peplau and Perlman (1979, 1981) developed the cognitive 
discrepancy approach to understanding loneliness taking in to account the central 
role of individual subjective perceptions. According to this perspective, loneliness 
originates from a discrepancy between an individual’s desired and perceived social 
relationships. It is through an individual’s social experiences that they develop an 
impression of what they desire from relationships. Therefore, when an individual 
perceives their social relationships as not measuring up to their own internal 
preferred standard, they begin to feel lonely. This was significant as it emphasised 
the subjectivity of how we evaluate our social connections. Additionally, this 
approach highlighted that cognitive processes may contribute considerably to the 
feeling of loneliness. Most notably, it encouraged a distinction between loneliness 
and social isolation. 
Given this distinction, Peplau and Perlman (1982) were concerned with the 
lack of progress that had been made in understanding how loneliness relates to health 
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compared to related constructs such as social support and social isolation. Loneliness 
is not the same as objective social isolation. Social isolation concerns the objective 
measurement of social relationships, with individuals that have few or no substantial 
social connections being considered socially isolated (de Jong Gierueld, Tilburg & 
Dykstra, 2006). While sometimes referred to as perceived social isolation, loneliness 
can occur regardless of how objectively social isolated an individual actually is. The 
distinction between the two is an important theoretical development. Research has 
demonstrated that they relate differently to health outcomes including dementia, 
mortality and wellbeing (Cornwell & Waite, 2009; Holwerda et al., 2014; McCrory 
et al., 2014; Shankar, McMunn, Banks, & Steptoe, 2011; Shankar, McMunn, 
Demakakos, Hamer, Steptoe, 2017; Steptoe et al., 2013). Moreover, in some cases, 
subjective evaluations of social relationships may even be more strongly connected 
to health than more objective measures (Uchino, Cacioppo, & Kiecolt-Glaser, 1996). 
For instance, Holwerda and colleagues (2014), found that reported feelings of 
loneliness rather than social isolation were predictive of increased risk of dementia. 
Despite this, research does suggest that loneliness and social isolation can work 
synergistically, with higher levels in one contributing to negative impact the other 
has (Beller & Wagner, 2018). Therefore, both of these independent constructs 
remain important factors in terms of health (Holt-Lunstad et al., 2015). With this 
distinction in mind, it became clear, that work specifically focusing on loneliness and 
health was badly needed.  
By the end of 1970s, loneliness had slowly started to be viewed as more than 
just an issue for psychological wellbeing. It had become recognised as a potentially 
substantial health risk as well. Loneliness was proposed to be one major 
psychosocial factor influencing health, even contributing to the aetiology of 
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cardiovascular disease and an increased risk of mortality (Lynch, 1977; Lynch & 
Convey, 1979). This proposed association between loneliness and poorer health 
gained support from a body of work by Glaser, Kiecolt-Glaser and colleagues 
(Glaser, Kiecolt-Glaser, George, Speicher & Holliday, 1983; Glaser, Kiecolt-Glaser, 
Speicher, & Holliday 1985; Kiecolt-Glaser, Garner, Speicher, Penn, Holliday & 
Glaser, 1984; Kiecolt-Glaser, Ricker, George, Messick, Speicher, Garner & Glaser, 
1984) which linked greater loneliness to lower immune activity and greater urinary 
cortisol levels. This was some of the earliest work demonstrating a connection 
between loneliness and biological indicators of health. 
Coinciding with the advancements in psychophysiological methodologies in 
the latter part of the 20th century, researchers were drawing attention to how an 
individual’s response to stress could have implications for wellbeing. According to 
the newly developed reactivity hypothesis, exaggerated physiological responses to 
stress were considered to negatively impact upon health and could even damage the 
cardiovascular system (Krantz & Manuck, 1984; Obrist, 1981; Obrist, Light, James 
& Strogatz, 1987; Pickering & Gerin, 1990). In addition, about the same time the 
influence that social relationships can have on stress was becoming clearer. For 
example, social support was highlighted as being beneficial at least partially through 
its protective effect against the negative impact of stress (House, 1981; Cohen & 
Wills, 1985; House, Umberson & Landis, 1988a; House, Umberson & Landis, 
1988b). Notably, work on the stress buffering hypothesis suggested that perceived 
support could be beneficial regardless of actual available support (e.g., Cohen, 1988; 
Cohen & Willis, 1985; Orth-Gomér, Rosengren, & Wilhelmsen, 1993). These 
developments provided further insight into the potential importance of psychosocial 
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factors like loneliness for health and together indicated that stress was a potential 
mechanism connecting perceived social relationships to health.  
Social psychophysiology was also developing which focuses on using 
psychophysiological methods to improve our understanding of social interactions 
(Shapiro & Schwartz, 1970; Cacioppo & Petty 1983; Cacioppo & Tassinary, 1990). 
In early examples, such as Kamarck, Manuck and Jennings (1990) and Gerin, Pieper, 
Levy and Pickering (1992), it was demonstrated that social processes, in this case 
social support, are related to an individual’s cardiovascular response to stress. 
Studies like these were significant as they would later help inform future work 
suggesting stress reactivity as a potential pathway by which loneliness could 
influence health. The emergence of a more inclusive biopsychosocial perspective 
would allow for the different emotional aspects of loneliness such as physiology, 
cognitive processes, and behaviour to be considered more in-depth. 
More and more studies began to report that loneliness was associated with 
poorer self-reported health, increased risk of mortality and cardiovascular disease 
(CVD; Herlitz et al. 1998; Mullins, Sheppard, & Andersson, 1988; Olsen, Olsen 
Gunner-Svensson & Waldstrøm, 1991; Penninx et al., 1999; Sorkin, Rook & Lu, 
2002; Sugisawa, Liang & Liu, 1994). This provided further support for the notion 
that loneliness could seriously impact upon health. Yet while research was 
establishing the overall link between loneliness and negative health, the actual 
pathways and mechanisms that might explain this association remained for the most 
part unclear. Soon, the psychophysiological mechanisms that underpin loneliness 
became a key focus as it was thought that these may provide a pathway linking the 
more subjective aspects of the experience to physical health outcomes (e.g., 
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Cacioppo et al., 2000, Cacioppo et al. 2002; Hawkley & Cacioppo, 2003; Steptoe et 
al., 2004). 
Finally, more recently there has been the development of Cacioppo’s 
evolutionary model (Cacioppo et al., 2006; Cacioppo & Hawkley, 2009; Cacioppo & 
Cacioppo, 2018; Cacioppo, Cacioppo & Boomsma, 2014; Goossens, 2018) which 
rather than focusing on the individual experience, takes a broader viewpoint of 
loneliness in the context of human evolution. As opposed to viewing loneliness as 
completely negative which it may seem to be from the viewpoint of those 
experiencing it, this theory expands upon the possible adaptive origins of loneliness. 
It suggests that loneliness prepares us to engage in pro-social behaviours that 
encourage survival while encouraging us to evade dangerous social situations, in 
particular being socially isolated or lacking enough support. Our psychobiological 
systems including our stress response would have evolved to reflect this. For 
example, lonely individuals may become hyper-attentive to social information, 
particularly possible social threats, which can contribute to an increased burden on 
systems that monitor and respond to stressors (Cacioppo & Hawkley, 2009; Hawkley 
et al., 2010). When short in duration, these underlying physiological reactions could 
be adaptive, however as the feeling of loneliness continues these responses could 
become unregulated and be damaging to the physiological systems involved. This 
would help explain how loneliness affects our reactivity to stress. 
The deleterious impact that stress has on our body is well known and how we 
respond to stress is equally important for our health. Therefore, this provides a 
means by which to investigate the connection between loneliness and health as it is 
considered one of the main ways that social processes get ‘under our skin’. 
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Loneliness & Health 
“I tell ya, a guy gets lonely an' he gets sick." 
Of Mice and Men - John Steinbeck (1937) 
Given the above discussion, it is no surprise that loneliness is recognised as 
having an influential role in health and wellbeing. In terms of psychological health, 
greater levels of loneliness are related to cognitive decline (Boss, Kang & Branson, 
2015; O’Luanaigh et al., 2011; Shankar, Hamer, McMunn & Steptoe, 2013; Zong, 
Chen, Tu, & Conwell, 2017) and are associated with increased risk of dementia 
(Holwerda et al., 2014; Rafnsson, Orell, Orsi, Hogervorst & Steptoe, 2017; Wilson 
et al., 2007; Zhou, Wang & Fang, 2018). Likewise, loneliness is linked to increased 
risk of mental health issues such as of depression (Cacioppo, Hughes, Waite, 
Hawkley & Thisted, 2006; Cacioppo, Hawkley & Thisted, 2010; Luanaigh & 
Lawlor, 2008) and anxiety (Beutel et al., 2017). It may even exacerbate the negative 
impact of other psychological conditions further (Holwerda et al., 2016). For 
instance, Stek et al., (2005) observed that those who reported experiencing feelings 
of both loneliness and depression had more than twice as high a relative risk of 
mortality during follow-up. 
In terms of physical health, loneliness is linked to obesity (Petitte, Mallow, 
Barnes, Petrone, Barr & Theeke, 2015; Whisman, 2010), an increased likelihood of 
being overweight (Lauder, Mummery, Jones, & Caperchione, 2006), diabetes 
(Christiansen, Larsen & Lasgaard, 2016; Richard, Rohrmann, Vandeleur, Schmid, 
Barth & Eichholzer, 2017), metabolic syndrome (Whisman, 2010) and higher 
cholesterol levels (Richard et al., 2017). Likewise, it is associated with a number of 
negative health behaviours such as smoking (Dyal & Valente, 2015; Lauder, 
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Mummery, Jones, & Caperchione, 2006; Richard et al. 2017; Peltzer & Pengpid, 
2017) and less physical activity (Newall, Chipperfield, Bailis & Stewart, 2013; 
Matthews et al. 2018; Shankar, McMunn, Banks, & Steptoe, 2011; Smith, Banting, 
Eime, O’Sullivan & van Uffelen, 2017). This suggests that loneliness may result in 
changes to our wider motivational systems contributing to an increased likelihood of 
negative health behaviours. Relatedly, blunted responses to stress are linked to 
similar negative behaviours (Ginty et al., 2014; Ginty et al., 2012; Phillips, Der, 
Hunt & Carroll, 2009) and are thought to be a peripheral marker which reflects 
motivational dysregulation (Carroll, Ginty, Whittaker, Lovallo, de Rooij, 2017; 
Ginty, 2013; Lovallo, 2011). This may offer a potential link between loneliness and 
disruption in stress reactivity. 
It is also worth noting that loneliness may be disruptive to restorative 
processes (Hawkley & Cacioppo, 2010). For example, loneliness is linked to poorer 
sleep (Hawkley, Preacher, & Cacioppo, 2010; Kurina et al., 2011; Matthews, 
Danese, Gregory, Caspi, Moffitt & Arseneault, 2017; Segrin & Burke, 2015). 
Disruption in circadian rhythmicity is related to more feelings of loneliness (Lyall et 
al. 2018). McHugh and Lawlor (2013) found that the association between loneliness 
and poor sleep quality was partly mediated by perceived stress which they propose 
could come from feeling lonely. Again, this seems to implicate stress as having an 
important role in how loneliness may damage health. What’s more, this would 
decrease the effectiveness of restorative processes and make individuals more 
susceptible to stress, compounding the damaging of health by loneliness (Hawkley & 
Cacioppo, 2003). 
Loneliness has also been found to be a risk factor for mortality (Henkriksen, 
Larsen, Mattisson & Anderson, 2017; Holt-Lunstad et al., 2015; Luo, Hawkley, 
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Waite & Cacioppo, 2012; Rico-Uribe et al., 2018). In a large meta-analysis by Holt-
Lunstad et al., 2015, loneliness was found to increase the risk of mortality by around 
26% suggesting that its impact is akin to other well-established risk factors for 
mortality such as obesity or smoking (Holt-Lunstad et al., 2015). This demonstrates 
the potential magnitude of the harm loneliness can have for both longevity and 
health. Findings like this, emphasise why it is crucial that we try to identify the 
mechanisms via which loneliness could increases this risk. Additionally, Shiovitz-
Ezra and Ayalon (2010) found that situationally lonely individuals (i.e., those who 
may only experience loneliness for short periods of time due to events like moving 
somewhere new, starting a new job, after a break up or bereavement) had a greater 
mortality risk as well, though slightly less than those who were chronically lonely. 
This suggests that loneliness can have consequences for health irrespective of how 
long these feelings last.  
In addition, research suggests that feelings of loneliness are linked to 
hypertension (Momtaz, et al., 2012), cardiovascular disease (CVD) (Thurston & 
Kubzansky, 2009; Valtora et al., 2016) and increased risk of mortality due to 
cardiovascular issues (Patterson & Veenstra, 2010). Likewise, greater loneliness is 
linked to increased chance of suffering from a coronary condition (Sorkin, Rook & 
Lu, 2002). Loneliness is also associated with increased blood pressure over time 
(Hawkley, Masi, Berry & Cacioppo, 2006; Hawkley Thisted, Masi, & Cacioppo, 
2010). McCrory and colleagues (2014) found that higher loneliness predicted higher 
resting heart rate. Therefore, loneliness does appear to be linked to negative 
cardiovascular outcomes however, the underlying psychobiological mechanisms 
behind this relationship are still being elucidated.  
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Loneliness & Stress Reactivity  
One of the main pathways proposed to explain how loneliness could be 
damaging to health is via its influences on physiological reactivity to stress 
(Cacioppo et al., 2002; Hawkley & Cacioppo, 2003; Hawkley & Cacioppo, 2010; 
Steptoe et al. 2004). Research supports a relationship between loneliness and stress 
(Aanes, Mittelmark, & Hetland, 2010; DeBerard & Kleinknecht, 1995) - lonely 
individuals tend to report higher perceived stress (Segrin & Passalacqua, 2010; 
Segrin & Burke, 2014) and higher threat sensitivity (Hawkley et al., 2008; Nowland, 
Robinson, Bradley, Summers & Qualter, 2018). This has less to do with lonely 
individuals experiencing greater amounts of stress but rather that lonely individuals 
respond to stressors differently (Hawkley & Cacioppo, 2010), including with 
atypical cardiovascular responses. If loneliness is associated with potential harmful 
patterns of cardiovascular responsivity, this could be key to understanding how it is 
harmful to health (e.g., Cacioppo et al., 2000; Cacioppo et al., 2002; Steptoe et al. 
2004). 
Cardiovascular reactivity (CVR) is the difference between ordinary levels of 
activity (usually represented by a baseline measure of a cardiovascular parameter) 
and levels while experiencing a stressor. Protracted or exaggerated CVR to acute 
psychological stress is linked to negative health outcomes. As these responses are 
metabolically disproportional to what is required, over time damage may occur as 
physiological systems become disrupted (Obrist, 1981; Carroll et al., 2009, Carroll et 
al., 2011).  For example, abnormal changes to parts of the cardiovascular system 
such as enlargement or thickening are considered an eventual outcome of continuous 
maladaptive reactivity (Lovallo & Gerin, 2003). Heightened CVR is connected to 
hypertension (Carroll, Ginty, Painter, et al., 2012; Everson et al., 1996), 
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atherosclerosis (Jennings et al., 2004) and cardiovascular disease (Carroll et al., 
2001; Carroll, Ginty, Der, et al., 2012; Chida & Steptoe, 2010; Kamarck et al., 1997; 
Light, Dolan, Davis, & Sherwood, 1992; Schwartz et al., 2003; Treiber et al., 2003). 
As such, atypical CVR has been proposed as one of the likely mechanisms by which 
loneliness can negatively influence cardiovascular health.  
A few studies have reported that higher loneliness is related to exaggerated 
blood pressure in response to stress (Nausheen, Gidron, Gregg, Tissarchondou, & 
Peveler, 2007; Ong, Rothstein & Uchino, 2012; Steptoe et al., 2004). For example, 
Steptoe et al. (2004) found when looking at 240 middle-age working adults that 
loneliness was positively related with diastolic blood pressure responses but only in 
female participants. O’Donovan and Hughes (2007) did not observe a significant 
association between reactivity and loneliness itself, but lower social support 
significantly predicted higher pulse pressure reactivity only for students reporting 
higher levels of loneliness. In contrast, Cacioppo et al. (2000) reported observing a 
tendency for CVR particularly HR, to be lower in those who were lonely. So, 
loneliness may also be associated with blunted cardiovascular responses. Low or 
blunted responses to stress are equally considered contributors to poorer health 
outcomes. They are connected to an array of negative outcomes including depression 
and obesity (Phillips, 2011), greater carotid intima-media thickness (IMT) (Ginty et 
al., 2016) and higher risk of mortality in individuals with heart failure (Kupper et al., 
2015). However, more research is needed to identify if blunted responses are specific 
to only certain cardiovascular parameters or if loneliness is related to diminished 
cardiovascular responsivity more broadly.   
Equally, beyond the cardiovascular system, loneliness has also been linked 
diminished responses. In terms of the HPA axis, loneliness has been found to 
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negatively relate to cortisol reactivity to acute stressors (Hackett et al., 2012), which 
again suggests a blunted response in lonely individuals. Likewise, Schutter and 
colleagues (2017) found that lower cortisol outputs were associated with higher 
levels of loneliness. This is important as the secretion of cortisol can facilitate 
adaptive responses, but maladaptive activation can be damaging (McEwen, 2004). 
On the other hand, loneliness appears to be linked to increased inflammation in 
reaction to stressors (Jaremka et al., 2013; Hackett et al., 2012; Steptoe et al., 2004). 
This demonstrates further that loneliness appears to be simultaneously connected to 
both exaggerated and blunted stress responses across different physiological 
measures. While at first these findings may seem somewhat contradictory, an 
exaggerated inflammatory response would correspond with blunted cortisol, as 
cortisol is a glucocorticoid which inhibits inflammation. Therefore, lower cortisol 
responsivity could therefore contribute to the increased inflammation reactivity 
observed in lonely individuals. Given that compensatory relationships also exist 
between the different haemodynamic factors of cardiovascular system (James et al. 
2012), how loneliness associates with the responsivity of these indices may vary 
similarly. As most previous research has tended to focus only a few cardiovascular 
indices, this has remained largely unexplored until now.  
Haemodynamic determinants of blood pressure  
 When it comes to CVR reactivity, there is typically a greater focus on blood 
pressure reactivity and heart rate. However, cardiovascular responses to stress are 
also determined by other haemodynamic variables such as total peripheral resistance 
(TPR) and cardiac output (CO). In fact, atypical fluctuations in these measures could 
have implications for the entire cardiovascular system. Lonely individuals have been 
demonstrated to have higher TPR levels (Cacioppo et al., 2002) which could be one 
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way that loneliness leads to future increases in blood pressure. Using ambulatory 
methods, Hawkley et al. (2003) similarly found that lonely individuals reported 
higher TPR and lower CO compared to non-lonely individuals. However, there has 
been comparatively less investigation of changes in haemodynamic indices like TPR 
and CO in response to stress, particularly when it comes to loneliness. Ong, 
Rothstein and Uchino (2012) emphasised the need to examine in more detail the 
various cardiovascular parameters that may be affected by loneliness. Studies 
investigating in-depth the wider haemodynamics involved could be essential in 
understanding how loneliness relates to CVR and are clearly warranted.  
Furthermore, this will provide additional information that could be useful when 
investigating if the association between loneliness and CVR is the same across all 
types of stressors.  
Different types of stressors 
There many different kinds of stressors and how we respond to them is not 
always the same. The psychophysiological pathways activated during certain types 
of stress may be impacted more by loneliness. Patterns of physiological reactivity 
can vary depending on the stressor being experienced and the context in which it is 
faced (Al'Absi et al. 1997; Bosch et al., 2003; Bosch et al., 2009; Williams, 
Veldhuijzen van Zanten, Trotman, Quinton, Ginty, 2017). For instance, the 
emotional features of a stressor can shape responses as certain emotions encourage 
specific patterns of physiological activation (Lovallo, 2005). Furthermore, 
psychosocial factors have been linked to specific cardiovascular responses and this 
has been shown to depend on how socially salient the stressor is (Bibbey, Carroll, 
Ginty & Phillips 2015; Hughes & Callinan, 2007). Hughes and Callinan, (2007) 
found that a predisposition to high social dominance related to CVR for a social 
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stressor (speech task) but not to a non-social stressor (mental arithmetic challenge). 
This implies that the social relevance of a stressor may be important and this may 
also have a role in loneliness-CVR relationship. As mentioned earlier, lonely 
individuals are thought to react differently to more socially relevant threats due to an 
implicit hyper-attentiveness to social stimuli (Cacioppo & Hawkley, 2009; Bangee et 
al., 2014; S. Cacioppo et al., 2015; S.Cacioppo et al., 2016). Previously, Cacioppo et 
al. (2002) observed lower HR during public speaking tasks in lonely individuals but 
not for an arithmetic based task. Conversely, Nausheen et al. (2007) found that 
higher implicit loneliness significantly predicted greater DBP reactivity to mental 
arithmetic challenge but not to public speaking. So, there does appear to be some 
variation depending on the type of task and this needs to be explored further.  
The Age of Loneliness 
Overall, it would appear that loneliness has significant implications for 
health. Disconcertingly, rates of loneliness are relatively high, indicating that 
loneliness is a relevant health concern for a substantial subgroup of the population. 
In Ireland, Golden et al. (2009) observed that up to 35% of older adults reported 
feeling lonely. Similar loneliness rates in older adults have been reported in the 
United Kingdom (Victor, Scambler, Bowling & Bond, 2005; Victor & Bowling 
2012) and in other countries in Europe (Sundström, Fransson, Malmber & Davey, 
2009). Victor and Bowling (2012) found that 9% of older adults (65+) reported very 
severe levels of loneliness in a UK sample. With many countries facing an 
increasingly ageing population (Kanasi, Ayilavarapu, & Jones, 2016) and the 
relatively high prevalence of loneliness in older adults, there is a justifiable concern 
about the health effects of loneliness for this age group. For instance, greater 
loneliness predicts an increased risk of mortality amongst those above the age of 60 
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(Perissinotto, Cenzer & Convinsky, 2012). However, it is often assumed that 
loneliness is primarily an issue for older adults, but it is something that can be 
experienced across the lifespan (Luhman & Hawkley, 2016).  In fact, research 
suggests that young adults have comparable or even possibly higher levels of 
loneliness relative to older adults (Lasgaard Friis & Shevlin, 2016; Luhman & 
Hawkley, 2016; Richard et al., 2017; Victor & Yang, 2012). Victor and Yang (2012) 
found that loneliness followed a U-shaped curve across age groups, with high levels 
of loneliness for both younger and older adults.   
Further, like the poor health findings seen in lonely older adults, lonely 
adolescents appear to be at risk of poor health as well; those who report consistently 
high levels of loneliness report worse general health (both psychological and 
physical) (Harris, Qualter & Robinson, 2013; Qualter et al. 2013; Stickley et al. 
2016).  Recently, Matthews and colleagues (2019) reported that lonelier young 
adults are more likely to participate in health risk behaviours along with having more 
negative coping strategies to stress. Additionally, Rico-Uribe et al. (2016) observed 
that the relationship between loneliness and health was strongest in younger adults 
across three different EU countries. Therefore, it appears that loneliness should be 
considered a major public health issue regardless of age. Furthermore, considering 
that changes in CVR in young adults are linked to future cardiovascular decline 
(Low, Salomon & Matthews, 2009), any effects of loneliness on CVR identified at 
this earlier stage of life could provide vital insight into how loneliness impacts upon 
cardiovascular health in the long run. Given this and what we already know, 
evidence of a disruption in stress reactivity would be expected to be found in both 
lonely younger and older adults. 
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Indeed, some previous research has observed an association between 
loneliness and CVR in both younger and older adults (Ong, Rothstein & Uchino, 
2012). Ong and colleagues (2012) also found that higher levels of loneliness were 
associated with differences in CVR between the groups, with the loneliest older 
adults showing the greatest SBP response. In general, CVR appears to change with 
age. For instance, older adults have higher blood pressure reactivity than younger 
adults (Hogan et al., 2012; Uchino, Birmingham, & Berg, 2010). In contrast, 
reactivity may be lower in older adults for some cardiovascular measures, such as 
decreased HR reactivity (Uchino, Birmingham, & Berg, 2010). Loneliness is thought 
to contribute to the decline in physiological health that occurs as we age (Hawkley & 
Cacioppo 2007). Previous research suggests that loneliness is related to changes in 
blood pressure with age (Hawkley, Masi, Berry & Cacioppo, 2006; Hawkley 
Thisted, Masi, & Cacioppo, 2010), so it could equally be related to similar changes 
in CVR as we age. Additionally, it has been suggested that younger adults could be 
more physiologically resilient to the detrimental effects of loneliness on CVR 
(Cacioppo et al., 2002). Therefore, it is expected that loneliness will be associated 
with differences in CVR between younger and older adults.    
 
Main Conclusion and Thesis Outline 
Loneliness affects a considerable proportion of adults and has been 
previously associated with poorer cardiovascular health. Cardiovascular reactivity to 
stress has been proposed as one potential pathway by which loneliness impacts 
health. While loneliness has been found to be associated with CVR to acute stress, 
there are number of inconsistencies and methodological considerations that remain to 
be addressed. The main focus of this thesis was advancing our understanding of how 
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loneliness relates to CVR, by examining this association using two distinct types of 
stressor, using comprehensive cardiovascular measurement, and sampling both 
younger and older adults. First, a systematic review was conducted to assess the 
available evidence linking loneliness and physiological reactivity to acute stress. 
Second, how loneliness relates to CVR was investigated using public speaking and 
mental arithmetic stress tasks, both in a group of younger and in a group of older 
adults. Finally, how this association between loneliness and CVR compares between 
these two age groups was considered. 
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Abstract: 
Aims: Physiological reactivity to acute stress has been proposed as a potential 
biological mechanism by which loneliness may lead to negative health outcomes 
such as cardiovascular disease. This review was conducted to investigate the 
association between loneliness and physiological responses to acute stress.  
Method: A series of electronic databases were systematically searched 
(PsycARTICLES, PsycINFO, Medline, CINAHL Plus, EBSCOhost, PubMed, 
SCOPUS, Web of Science, Science Direct) for relevant studies, published up to 
October 2016.  
Results: Eleven studies were included in the review. Overall, the majority of studies 
reported positive associations between loneliness and acute stress responses, such 
that higher levels of loneliness were predictive of exaggerated physiological 
reactions. However, in a few studies, loneliness was also linked with decreased stress 
responses for particular physiological outcomes, indicating the possible existence of 
blunted relationships. There was no clear pattern suggesting any sex‐ or stressor‐
based differences in these associations.  
Conclusion: The available evidence supports a link between loneliness and atypical 
physiological reactivity to acute stress. A key finding of this review was that greater 
levels of loneliness are associated with exaggerated blood pressure and inflammatory 
reactivity to acute stress. However, there was some indication that loneliness may 
also be related to blunted cardiac, cortisol, and immune responses. Overall, this 
suggests that stress reactivity could be one of the biological mechanisms through 
which loneliness impacts upon health. 
Keywords: Loneliness, Stress, Cardiovascular, Neuroendocrine, Reactivity 
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Loneliness is a complex feeling that stems from an individual’s perception of 
inadequacy in their social relationships. Its influence on health is gradually becoming 
more recognised. Being lonely increases an individual’s risk of mortality on par with 
other well-established risk factors such as obesity or smoking (Holt-Lunstad et al., 
2015; Holwerda et al., 2012). It is connected to elevated levels of blood pressure 
(Hawkley, Masi, Berry & Cacioppo, 2006; Hawkley, Thisted, Masi & Cacioppo, 
2010), worse sleep (Kurina et al., 2011) and weakened immunity (Dixon et al., 
2006). It is considered a risk factor for cardiovascular disease (CVD) (Valtorta et al., 
2016) and more than doubles the odds of mortality due to a cardiovascular condition 
(Patterson & Veenstra, 2010). Recently, research has begun to examine the 
biological mechanisms by which loneliness affects an individual’s physiology. How 
loneliness alters stress reactivity is one of these proposed mechanisms (e.g., Hawkley 
& Cacioppo, 2010; Steptoe et al., 2004).  
Over the past few decades, studies have demonstrated that exaggerated 
physiological reactions such as escalated blood pressure responses to acute stress can 
predict cardiovascular outcomes such as hypertension (Carroll et al., 2001; Treiber et 
al., 2003) and CVD (Carroll et al., 2012). In addition, atypical hypothalamic-
pituitary-adrenal (HPA) axis stress reactivity has also been linked to hypertension 
(Hamer & Steptoe, 2012). While originally the ‘reactivity hypothesis’ (Obrist, 1981) 
emphasized the harmfulness of exaggerated stress responses, blunted reactions can 
predict poor health as well (Carroll et al., 2017; Lovallo, 2011; Phillips, 2011).  
Moreover, these patterns of atypical responsivity (i.e., exaggerated or blunted) can 
vary depending on psychosocial factors. For instance, hostility is associated with 
increased reactivity, whereas negative affect is related to decreased reactivity (Chida 
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& Hamer, 2008). If higher levels of loneliness similarly lead to atypical reactions to 
stress, then this would help explain how it impacts negatively upon health.   
Previously, loneliness has been associated with increased blood pressure in 
response to acute stressors such as public speaking, mental arithmetic and cognitive 
tasks (Nausheen et al., 2007; Ong, Rothstein & Uchino, 2012; Steptoe et al., 2004). 
Yet, lonely individuals have similarly been reported to have blunted cardiac 
reactivity, i.e., lower cardiac output and lower heart rate, to public speaking tasks 
(Cacioppo et al., 2002). In the same way, higher levels of loneliness are related to 
greater inflammatory reactions to acute stressors (Jaremka et al., 2013) but also to 
reduced immune function such as decreased production of natural killer cells 
(NKCs) (Kiecolt-Glaser el al., 1984; Pressman et al., 2005; Steptoe et al., 2004).  
Additionally, there is research linking greater feelings of loneliness to elevated 
cortisol levels (Doane & Adam, 2010; Drake, Sladek & Doane, 2015).  However, 
other studies have found that lonelier individuals are more likely to have diminished 
cortisol outputs (Hackett et al., 2012; Schutter et al., 2017). Therefore, there are a 
number of inconsistent findings in terms of how loneliness relates to physiological 
indices of acute stress. It could be that these discrepancies are due to methodological 
differences such as variation in acute stressors. In fact, reactivity has been found to 
differ across stress tasks; for instance, some involve a more passive reaction (e.g., 
cold pressor tasks) while others require more active responses (e.g. mental arithmetic 
tasks) (Al’Absi, et al., 1997; Bosch et al., 2003; Kelsey, Ornduff & Alpert, 2007). 
Given the health implications associated with loneliness and the lack of a 
consensus about its effects on physiological stress reactivity, a systematic review of 
the literature is clearly warranted.  Therefore, the purpose of this review is to assess 
the current evidence linking loneliness with physiological reactivity to acute stress.  
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Method 
Data Sources and Search Strategy 
The systematic review, although not pre-registered, followed the guidelines 
set out by PRISMA-P Statement (Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) (Moher et al., 2015; Shamseer et al., 2015). The following 
databases were electronically searched: PsycARTICLES, PsycINFO, Medline, 
CINAHL Plus, EBSCOhost (all databases), PubMed, SCOPUS, Web of Science and 
Science Direct, up to October 2016. Reference sections of resulting reviews and 
articles that passed an initial assessment were checked manually to ensure that all 
relevant articles were included. As loneliness, physiology and reactivity have several 
related synonyms these were included as key search terms and where used in 
systematic combinations with Boolean terms (see Table 1).   
 
Table 1. Search terms 
Key 
words 











Cardiovascular OR Hemodynamic OR 
Haemodynamic OR Heart rate OR 
Blood pressure OR Total peripheral 
resistance OR Vascular resistance OR 
Cardiac output OR Cortisol OR 
Hormone OR HPA OR Endocrine 
OR Neuroendocrine OR 
Catecholamine OR Adrenaline OR 
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Inclusion Criteria  
Studies were included in this review if: (a) they examined the relationship 
between loneliness and physiological reactions (e.g., cardiovascular, or 
neuroendocrine) to experimentally induced acute stress (b) they quantitatively 
measured loneliness using validated measures (c) they were peer-reviewed articles in 
English; (d) they were empirical in nature (i.e., not a previous review or meta-
analysis) and (e) results were from different samples. As loneliness is not 
synonymous with objective measures of social isolation, studies had to clearly 
identify loneliness, not objective social isolation, as the psychological variable being 
studied.  Furthermore, acute stressors were defined as any stressor that was an hour 
or less in duration. They were not limited to psychological stressors but rather any 
stimulus that results in a relevant stress-related response, including for example 
physical exercise or biochemical exposure. Studies were not limited based on the 
participant’s age, disease status or gender. 
 
Data Management 
To keep track of included articles and pertinent information (e.g., study 
characteristics, participants’ characteristics, results etc.), a specifically designed code 
book was utilised. In addition, to assess the methodological control of stress 
reactivity confounds, a scoring guide was designed for use in this review based on 
previous approaches (e.g., Brindle, Ginty, Philips & Carroll, 2014; Chida & Hamer, 
2008; Chida & Steptoe, 2010) (see Table 2). These scores were calculated from 
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whether or not common confounds of stress reactivity or loneliness were addressed 
within the study. These included: age, sex, smoking, caffeine intake, body mass 
index (BMI), medication or drug use, pre-existing medical conditions, social 
economic status (SES), accounting for baseline physiological activity, measuring 
loneliness at baseline, depression and or anxiety.  
 
Results 
Description of Studies 
Results of Search  
Of the 2214 original identified citations, 17 passed the initial stage 
assessment of eligibility (using details, type, title and abstract). Following this, the 
reference sections of these articles and of several related review papers identified in 
the first stage were manually checked to ensure that all relevant articles were 
included. Only unique articles were deemed eligible (i.e., not already previously 
included).  Of the 1174 potentially relevant articles, only 3 were selected for further 
assessment. A detailed review of the remaining 20 articles was conducted and a 
further 10 articles were excluded for not meeting the necessary criteria. Overall, 
studies were excluded for the following reasons: no acute stressor, no measurement 
of loneliness or physiological reactivity, using non-human populations, being non-
empirical i.e., previous reviews, and being in an unsuitable format e.g., book (see 
Figure 1). From the 10 remaining papers, a total of 12 studies were examined in 
detail. However, a further study was excluded as no acute stressor was utilised, 
leaving a final total of 11 included studies altogether.   



























Figure 1. Article Identification Process
Sources identified by searching 
databases                                     
N = 3315 
 
Articles in reference 
sections of reviews and 
screened articles                                            
N = 1174     
Sources after duplications removed 
N = 2214 
Articles for detailed 
assessment                                 
N = 20 
Articles excluded 
at initial stage                        
N = 2197     
Articles excluded 
after detailed 
assessment            
N = 10 
e.g., N = 2 
(previously 
published data) 
 Articles N =10                  
(studies n =12) 
Articles excluded         
N = 1171 
Remaining Articles   
N = 17 
Potentially 
relevant articles                          
N = 3     
Relevant reviews  




























Studies included                         
n = 11 
Studies 
excluded       
n = 1         
(no acute 
stressor) 
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The electronic search and initial screening were conducted by the first author 
(EGB). Independently, the search strategy and screening were conducted by the third 
author (AMC) using titles and abstracts. No additional articles meriting inclusion in 
the final sample were identified. The retained studies were coded, assessed and 
relevant information extracted by the first author (EGB).  Independently, the third 
author (AMC), did the same for a random selection of the retained articles (46%). 
There was nearly full agreement in both the stress confounder scores and the relevant 
information extracted from the studies (> 95%). Differences were discussed until 
100% agreement was attained. 
 
Study Characteristics and Quality 
The total number of included studies was 11. Samples sizes ranged from as 
low as n = 20 to as large as n = 524 participants. Four included studies had women 
only samples. The rest of the studies had samples with both males and females (three 
of which had a higher number of female than male participants). The majority of 
studies (55%) looked at younger adults (18-39) with one also containing a sample of 
older adults (65+) (i.e., Ong, Rothstein & Uchino, 2012).  Fewer studies had middle-
aged participants (40-65) (18%).  The rest of the studies looked at ages ranging 
between two or more age groups. For example, one looked at both middle and older 
adults (53-76) (Hackett et al., 2012). No included study looked at participants 
younger than 18 or older than 81 years of age. Studies were all published within the 
last 15 years (see Table 2 for full study characteristics). 
All the studies used a version of the UCLA loneliness scale; 7 (64%) used the 
UCLA-Revised (Russell, Peplau, & Cutrona, 1980) and 4 (36%) used the UCLA 
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version 3 (Russell, 1996). The original UCLA scale (Russell, Peplau, & Ferguson, 
1978) was not utilised. One study measured implicit loneliness as well using the 
Implicit Association Test-Loneliness (IAT-L) (Nausheen et al., 2007). The average 
loneliness scores for each study are included in Table 2. Five of the studies (46%) 
used a combination of speech and mental arithmetic stress tasks as acute stressors. 
Additionally, two studies (18%) used only speaking stressors. Two studies (18%) 
used a combination of colour inference and mirror tracing tasks as stressors. Finally, 
two studies (18%) used psychopharmacology methods opposed to psychological 
stressors. These were included as administrating biochemicals such as oxytocin 
(Norman et al., 2011) and amphetamine (dexamphetamine) (Gevonden et al., 2014) 
result in short term physiological changes similar to those experienced during acute 
stress. Cacioppo et al., (2002) also used an additional orthostatic (standing up) 
physical stress task.  
To investigate the quality of the included studies, they were evaluated based 
on the extent to which well-known confounds of physiological reactivity research 
were accounted for. The methodological quality scores (0–12) averaged 9.64., with 
91% scoring 8 or higher (see Table 2).  
 
Loneliness and Acute Stress Responses 
Overall, seven of the studies (64%) found positive associations between 
loneliness and stress reactivity; such that higher levels of loneliness were predictive 
of increased physiological responses (see Table 3 & Table 4). However, in three 
studies (27%), loneliness was associated with reduced reactivity, possibly indicating 
a blunted response. Only in two studies (18%) were no relationships observed.   
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Table 2. Study characteristics  





Age Range  Gender                   
Female (F) 
Male(M) 
Loneliness   
Measure 




Cacioppo et al., (2002) 89 19.26 (0.12) * 18-24 44 (F) 45 (M) UCLA-R (44.01) Lonely  
(26.76) Non-lonely  
9 
Ong, Rothstein & Uchino, 
(2012) 
182         
(91 young, 
91 older) 




(53(F) 38(M)) y  
(45(F) 46(M)) o 
UCLA-R 32.60 (7.76) y             
32.52 (7.39) o 
11 
Nausheen et al., (2007) 23 22.09(6.1) 18-39 25(F) UCLA (3) 
IAT-L 
- 6 
Jaremka et al., (2013) (a) 134 51.01(7.75) Middle 
aged 
92(F) 42(M) UCLA (3) 17.78 (9.53) ** (37.78) 9 
Jaremka et al., (2013) (b) 144 51.44 (9.17) 28-76 144 (F) UCLA (3) 18.69 (8.45) ** (38.69) 9 
O’Donovan & Hughes, 
(2007) 
65 17.96 (.82) 17-21 65 (F) UCLA-R - 11 
Edwards et al., (2010) 126 19.8 17-31 64 (F) UCLA-R 38.5 (12.4) 10 
Steptoe et al., (2004) 240 52.3 (2.8) 47-59 111(F) 129(M) UCLA-R 36.3 (9.5) 8 
Hackett et al., (2012) 524 63.0 (5.7) 53-76 241(F) 283(M) UCLA-R 34.2 (9.7) (F) 35.0(11.4) 
(M) 
12 
Norman et al., (2011) 20 24.51(1.93) - 9(F) 11(M) UCLA-R 36.82(2.09) 11 
Gevonden et al., (2014) 38 26 (3) Young adult 16(F) 3(M) UCLA (3)                        47 (7.1) 10 
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Cardiovascular system  
The majority of studies with blood pressure indices reported that greater 
levels of loneliness were associated with exaggerated responses (see Table 4). Three 
studies found a positive association between loneliness and diastolic blood pressure 
reactions (Nausheen et al., 2007; Ong, Rothstein & Uchino, 2012; Steptoe et al., 
2004). One of these studies reported the same pattern for systolic blood pressure 
(Ong, Rothstein & Uchino, 2012). Furthermore, Cacioppo et al., (2002) found 
increased levels of total peripheral resistance (TPR) in a group of high loneliness 
individuals, however they did show higher baseline levels as well. Altogether, this 
points to loneliness being related to elevated blood pressure and vascular resistance 
in response to acute stress. However, Cacioppo et al., (2002) also reported that 
lonely individuals showed lower cardiac output and heart rate when responding 
compared to a non-lonely group. While limited, this suggests the possibility of 
blunted cardiac responses to acute stress in lonely individuals. 
Additionally, while O’Donovan & Hughes (2007) did not find a direct 
relationship between loneliness and reactivity, loneliness was found to interact with 
social support when predicting pulse pressure (PP) reactivity. High social support 
was significantly associated with lower PP reactivity but only in individuals 
experiencing greater levels of loneliness. Generally, social support is seen to buffer 
against stressors leading to reduced impact by acute stress (Thorsteinsson & James, 
1999; Christenfeld & Gerin, 2000). However, there are a number of contextual 
factors that influence its effectiveness (Uchino, Carlisle, Birmingham & Vaughn, 
2011). For instance, social support from a friend can be beneficial, but when it 
comes from strangers, it can instead lead to escalated blood pressure reactivity (e.g., 
Phillips, Gallagher & Carroll, 2009). Similarly, an individual’s feelings of loneliness  
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Table 3. Loneliness and cardiovascular reactivity  
                              Stressor    
Reference Sample 
n= 
Loneliness   
Measure 
         Type         Length Measure Results     Loneliness 
Findings 
Cacioppo et al., 
(2002) 









4 × 4min 
 
4min (4min rest) 
 







          (Maths) 
 
CO (Speech) 
        (Maths) 
 
HR (Speech) 
        (Maths) 
 
PEP (Speech) 
        (Maths) 
 
RSA 
F (2,152) = 34.79, p <.001 
F (1,71) = 29.11, p <.01 
 
F (2,160) = 19.84, p <.001 
F (1,79) = 20.64, p <.01 
 
F (2,164) = 3.57, p <.05 
F (1,80) = 3.42, p <.07 
 
F (2,164) = 14.21, p <.01 













Ong, Rothstein & 
Uchino, (2012) 
182 UCLA-R Speech task 
Arithmetic task 




(b = 1.19, SE = 0.08, p <.001) 
(b = 0.38, SE = 0.08, p <.001) 
↑ SBP 
↑ DBP 
Nausheen et al., 
(2007) 
23 UCLA (3)       
IAT-L 
TSST Speech task 
Arithmetic task 











65 UCLA-R Recorded Reading    
Aloud 
 
3 × 6min 
 
Pulse Pressure B =.14, p = .25 
(B = -.24, p = .04) 
No direct association 
(Social support predicted 
PP in lonelier pts) 
Steptoe et al., 
(2004) * 






F (2,452) =3.20, p = .045 
(F (1,220) =6.11, p = .014)** 
↑ DBP 
Norman et al., 
(2011) 




HF HRV  
PEP 
b = -0.015, p <.005 
b = 0.014, p >.05 
↓ HRV 
Note: Relationships: ↑ = Positive; ↓= Negative *Also appears in Table 5;**Controlling for covariates; Total Peripheral resistance (TPR), Cardiac out 
(CO), Heart Rate (HR), Pre-ejection period (PEP), respiratory sinus arrhythmia (RSA), Systolic blood pressure (SBP), Diastolic blood pressure 
(DBP); Heart rate variability (HRV) 
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may also be important in how social support buffers against stress. Therefore, 
loneliness may work in tandem with other psychosocial factors when influencing 
stress reactivity. 
Neuroendocrine responses 
HPA Axis  
Of studies that examined loneliness and HPA axis reactivity, the main 
measure was changes in the stress hormone cortisol (n = 3) (see Table 5). In one 
study, lonelier individuals showed decreased likelihood of being a cortisol responder 
to the stressors (i.e., no change in cortisol) (Hackett et al., 2012). However, the other 
two studies reported no association for cortisol (i.e., Edwards et al., 2010; Steptoe et 
al., 2004). Therefore, despite previous reports of higher cortisol levels in lonely 
individuals (e.g., Doane & Adam, 2010), there were no significant positive 
associations between loneliness and responses in the HPA axis (see Table 5).  Hence, 
as of yet, loneliness has not been linked to exaggerated cortisol reactions 
immediately following acute stress. However, it is possible that loneliness is 
associated with blunted cortisol responding (i.e., Hackett et al., 2012). Regardless, 
given the importance of this system in health (e.g., Hamer & Steptoe, 2012), more 
research is certainly needed to investigate the impact of loneliness upon the HPA 
axis. 
It is worth noting that both Steptoe et al., (2004) and Hackett et al., (2012) 
indicated only small changes in cortisol, which they suggest was due to the use of 
the same non-socially evaluative tasks (e.g., colour-matching and tracing). Whereas, 
Edwards et al., (2010) reported a significant and larger magnitude of response in 
cortisol to speech tasks which contained a social evaluative element.  
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Autonomic nervous system  
The autonomic nervous system (ANS) is one of the primary mechanisms 
involved in acute stress response and regulates bodily functions. Norman and 
colleagues (2011) observed that higher levels of loneliness predicted lower heart rate 
variability (HRV) due to reduced sensitivity to oxytocin exposure. Therefore, higher 
levels of loneliness are linked to increased sympathetic activity. This is important as 
low HRV is associated with increased risk of CHD (Dekker et al., 2000). However, 
conversely, Cacioppo et al. (2002) found the opposite with significantly longer pre-
ejection period (PEP) in lonelier individuals. Longer PEP indicates less sympathetic 
cardiac activation and is related to lower HR levels (e.g., Cacioppo, Uchino, 
Berntson, 1994). Beyond this, none of the studies provided indication of significant 
changes in sympathetic nerve-related markers such as catecholamines (i.e., 
epinephrine, norepinephrine, dopamine) based on different levels of loneliness (e.g., 
Edwards et al., 2010; Gevonden et al., 2014) 
Immune response  
Greater feelings of loneliness were associated with exaggerated stress-related 
responses across a range of different inflammation markers.  For instance, higher 
levels of loneliness were linked to elevated interleukin-6 (IL-6), (Jaremka et al., 
2013a; Jaremka et al., 2013b; Hackett et al., 2012) tumour necrosis factor alpha 
(TNFα) (Jaremka et al., 2013a) interleukin -1 Beta (IL-1B) (Jaremka et al., 2013b), 
monocyte chemoattractant protein 1 (MCP-1) (Hackett et al., 2012) and fibrinogen 
(Steptoe et al., 2004) in response to stress. These pro-inflammatory cytokines and 
glycoprotein are all released during aversive stimulation such as stress, physical 
injury, and infection. While these inflammatory biomarkers can have beneficial 
effects, they can also be physiologically damaging. 
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Table 4. Loneliness and neuroendocrine reactivity  
                          Stressor    
Reference Sample 
n= 
Loneliness   
Measure 
Type Length Measure Results Loneliness      
Findings 
Jaremka et al., 
(2013) (a) 
134 UCLA (3) TSST Speech task              
Arithmetic task                                




(b = 0.004, F (1,108) =7.7, p =.007) 
(b = 0.004, F (1,113) = 5, p =.027) 
↑ TNF-α 
↑ IL-6 
Jaremka et al., 
(2013) (b) 
144 UCLA (3) TSST Speech task               
Arithmetic task                          
15min (10min prep)     




(b = 0.14, p =.130) 
(b = 0.53, F (1,129) = 4.48, p =.036) 




Edwards et al., 
(2010) 
126 UCLA-R Public Speech 
Tasks     






p < .5 
p < .1 
p < .1 




Steptoe et al., 
(2004) * 
240 UCLA-R Colour inference                    
Mirror tracing                       
5min      
5min
Fibrinogen 
Natural Killer cells 
 
Cortisol 
B = 0.002 p =.034 
B = -1.67 p =.042 
 
p < .05 
↑Fibrinogen 





Hackett et al., 
(2012) 
524 UCLA-R Colour inference                       
Mirror tracing                        




















B = .009 p =.044 Δr2=.006 
B = .011 p =.006 Δr2=.016 
B = .019 p =.006 Δr2=.014 
 
B = .008 p =.001 Δr2=.053 
B = .005 p =.027 Δr2=.021 
 
4.2% decrease in odds of being a 
responder for every increase in 













38 UCLA (3) Amphetamine                         
(dexamphetamine) 
N/A Dopamine (P = -0.20, p = .25) No significant 
association 
Note: Relationships: ↑ = Positive; ↓= Negative *Also, appears in Table 4; Tumour necrosis factor alpha (TNF-α), Interleukin (IL), Macrophage 
migration inhibitory factor (MIF), Natural killer (NK), Monocyte chemoattractant protein (MCP). 
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Importantly, increased amounts of all these biomarkers are associated with 
cardiovascular disease (Bujak & Frangogiannis, 2009; Danesh et al., 1998; Ikeda et 
al., 2002; Luc et al, 2003; Tuomisto et al., 2006). Additionally, Steptoe et al., (2004) 
reported a blunted relationship with higher levels of loneliness predicting lower 
levels of natural killer cells production, which defend against infection and remove 
damage cells. This suggests loneliness could result in poorer immunity (e.g., 
Pressman et al., 2005), potentially through downregulation of these cells, thus 
diminishing functionality. 
Acute Stressors 
Loneliness was associated with exaggerated responses using different types 
of stressors. Of the studies reporting a relationship between loneliness and 
exaggerated blood pressure responses, two studies (Nausheen et al., 2007; Ong, 
Rothstein & Uchino, 2012) used the common combination of public speaking/mental 
arithmetic tasks as stressors, while Steptoe and colleagues (2004) found the same 
response to a combination of cognitive stressors (i.e., colour matching and mirror 
tracing). Equally, two studies (Jaremka et al., 2013a; Jaremka et al., 2013b) using a 
public speaking and mental arithmetic stress procedure, found similar relationships 
for inflammation, as two other studies using cognitive based stressors (Steptoe et al., 
2004; Hackett et al., 2012). In one case, there was evidence that increased levels of 
loneliness lead to comparable reactions for a physical stressor (standing up) as for 
psychological stressors (i.e., public speaking tasks) (Cacioppo et al., 2002). 
However, even when the stressor types were the same, there were differences 
in procedures which could have influenced responses. For example, 64% of studies 
reported using a social evaluative component which was either an audience (a panel 




of individuals (e.g., Jaremka et al., 2013) or the experimenter themselves (e.g., Ong, 
Rothstein & Uchino, 2012), while for others the existence of evaluators was implied 
(e.g., one way-mirror (Nausheen et al., 2007) or using video cameras (O’Donovan 
&Hughes, 2007). This may not have always been consistent for different tasks; for 
instance, in one study, the evaluative component was described as being more 
explicit for speech tasks compared to the maths task (Cacioppo et al., 2002). 
Previous research has shown that the elements making up a stress task can be 
important when examining the influence of psychosocial factors on stress reactivity. 
For example, individuals categorised as Type D personalities (characterized by 
social inhibition and negative affectivity) appear to show different responses 
depending on the social evaluative nature of the stress exposure (Bibbey, Carroll, 
Ginty & Phillips, 2015).  Similarly, lonely individuals have been found to perceive 
certain stressors as more stressful than others (Hawkley et al., 2003). So, it is 
possible that certain stressors, like with Type D personalities, may result in different 
responses in those with high levels of loneliness.  
Generally, the studies included in this review reported physiological 
responses to a combination of stressors. In the cases where physiological responses 
were broken down by specific individual stressors, not all of these reactions 
significantly associated with loneliness. For instance, implicit loneliness was only 
significantly associated with DBP reactivity for a mental arithmetic component 
(Nausheen et al., 2007), but not for a public speaking task. In contrast, Cacioppo et 
al., (2002) finding of a blunted HR response was only significant for the public 
speaking elements. Two studies (18%) using only speaking-based stressors 
(O’Donovan & Hughes, 2007; Edwards et al., 2010) (without any maths element) 
found no significant relationship between loneliness and acute stress reactivity. 




These mixed results make it somewhat unclear which dimensions of these acute 
stressors if any are important in regards loneliness influence upon stress reactivity. 
This is consistent with the notion that physiological reactions may vary with stressor 
types (e.g., Bosch et al., 2003), implying that researchers should be cognisant of this. 
Therefore, in future, it could be more useful to examine the impact of acute stressors 
separately, rather than relying on the combined response to multiple different 
stressors.  
As mentioned above, two studies were included which used 
psychopharmacological methods as opposed to psychological stressors. They 
provide insight into how loneliness may influence the action of biochemical 
molecules involved in acute stress responses. Crucially, alterations in these 
biological pathways could have health implications (e.g., Brotman, Golden & 
Wittstein, 2007, Light et al., 2004). While oxytocin is connected to decreases in 
stress reactivity (Grewen & Light, 2011), there is some evidence that suggests its 
production may increase in response to psychosocial stress (e.g., Pierrehumbert et 
al., 2010; Sanders, Freilicher & Lightman, 1990). Therefore, how lonely individuals 
respond to its administration (i.e., Norman et al., 2011) may reflect how they would 
respond to its release during stress. Similarly, amphetamines result in sympathetic 
activity analogous to stress responses (e.g., increased blood pressure, HR, cortisol 
production, catecholamine releases (Gevonden et al., 2014), so again potentially 
highlighting any differences associated with loneliness.   
Sex 
Even though the wider literature on sex differences in loneliness remains 
uncertain, there is some suggestion that sex may have a role in both loneliness and 




health. For example, Thurston and Kubzansky (2009) found that loneliness was 
linked with coronary heart disease (CHD) but only in females.  Equally, in some 
cases, an individual’s sex has been found to play a role in stress reactivity (e.g., 
Kudielka et al., 2004; Kudielka & Kirschbaum, 2005).  Hence, the included studies 
were examined for possible sex differences. A few of the reported findings included 
in this review were sex specific. Specifically, the findings of higher levels of 
loneliness predicting heighted DBP reactivity by Steptoe et al., (2004), and the 
decreased likelihood of being a cortisol responder along with greater inflammation 
by Hackett et al., (2012) were specific to females. Additionally, two other studies 
which found exaggerated responses included only female participants. Thus, sex 
differences could be important in understanding this relationship. More research 
examining sex differences and loneliness, specifically in relation to physiological 
responses is needed however before this can be established. 
Discussion 
The ill effects of loneliness on physical health are becoming more widely 
recognised (e.g., Holt-Lunstad et al., 2015), but the exact psychophysiological 
mechanisms underlying this relationship are still poorly understood. Previous 
reviews have looked at the association between loneliness and more general health 
outcomes such as mortality or CVD.  However, this is the first review to look at 
loneliness in relation to a known physiological predictor of negative health (i.e., 
atypical acute stress reactivity). Overall, it does appear that there is a relationship 
between loneliness and acute stress reactivity.  
Higher levels of loneliness were associated with exaggerated blood pressure 
responses to acute stress. Continuous heightened reactivity to acute stressors is 




considered to eventually lead to the deterioration of the cardiovascular system and 
has been consistently demonstrated to predict the development of hypertension 
(Carroll et al., 2011; Chida & Steptoe, 2010; Treiber et al., 2003) and CVD mortality 
(Carroll et al., 2012). Research suggests that loneliness results in lasting 
physiological changes and that these changes accumulate over time to adversely 
impact upon health (Hawkley & Cacioppo, 2007). From this review, it would appear 
that experiencing greater loneliness is related to such enduring alterations, and that 
this atypical pattern of exaggerated stress responsivity would increase the likelihood 
of serious health issues like hypertension or CVD. This is consistent with findings 
connecting loneliness with escalations in blood pressure over time (e.g., Hawkley, 
Masi, Berry & Cacioppo, 2006; Hawkley et al., 2010), hypertension (Momtaz, et al., 
2012) and CVD (Valtorta et al., 2016). Therefore, increases in stress reactivity is a 
plausible physiological mechanism by which loneliness can influence cardiovascular 
health. 
Despite there seeming to be a clear pattern for blood pressure reactivity, so 
far, the available evidence in terms of cardiac indices is limited. Loneliness was 
related to blunted responses in heart rate and cardiac output (Cacioppo et al., 2002). 
Previously, loneliness has been associated with lower cardiac output during the 
course of a typical day (Hawkley et al., 2003). As mentioned, blunted responses to 
acute stress could be equally negative for health (Carroll et al., 2016; Lovallo, 2011; 
Philips, 2011), being linked to mortality in heart failure patient (Kupper, Denollet, 
Widdershoven, & Kop, 2015) and increased carotid intima-media thickness (IMT) 
(Ginty, et al., 2016). Similarly, an attenuated heart rate to stress has been linked to a 
number of negative health outcomes such as obesity (Phillips et al., 2012) and health 
behaviours like disordered eating (Ginty et al., 2012a), smoking and alcohol 




consumption (Evans et al., 2012). Interestingly, loneliness has been found to be a 
risk factor for obesity (Lauder et al., 2006). Likewise, lonely individuals are more 
likely to be smokers (Dyal & Valente, 2015) and display negative eating patterns 
such as binge eating (Zeeck et al., 2011). Blunted stress reactions are suggested to 
reflect dysregulation in the systems that motivate behaviour (Carroll et al., 2012).  
So, it is also possible that loneliness may have a role in compromising behavioural 
regulation. In turn, engaging in these negative health behaviours could partially help 
explain loneliness’ relationship to CVD.  
While previously a few studies have linked loneliness to higher levels of 
cortisol (e.g., Doane & Adam, 2010; Pressman et al., 2005), this was not case for 
studies reporting cortisol taken immediately following acute stressors. Instead, a 
blunted relationship between loneliness and cortisol was reported for one study 
(Hackett et al., 2012). Recently, Schutter et al., (2017) likewise reported finding that 
loneliness was associated with diminished cortisol output. As with blunted HR 
responses, blunted cortisol responses are reflective of poor health (e.g., Ginty et al., 
2012b; Phillips et al., 2012) and linked to negative health behaviours (al'Absi et al., 
2003; Ginty et al., 2012; Ginty et al., 2014, King et al., 2006). Again, this provides 
some extra indication of a link between loneliness and alterations in 
psychophysiological processes. This certainly warrants further investigation. 
Additionally, pro-inflammatory responses are generally inhibited by cortisol (Nijm 
& Jonasson, 2009; Rasion & Miller, 2003), so lower levels of cortisol would be 
expected given the findings regarding loneliness and elevated inflammation. 
Elevated inflammatory reactions to acute stress were associated with 
increased feelings of loneliness. Unregulated inflammatory responses are related to 
negative health outcomes such as cancer (see Aggarwal et al., 2006), hypertension 




(Rabinovitch et al., 2014) and CVD (Danesh et al., 2008). Again, this supports the 
notion that loneliness, through the dysregulation of stress reactivity process, could 
lead to poorer physical wellbeing. In addition, while Steptoe et al., (2004) found 
exaggerated responses for most inflammation markers, there was a blunted response 
in NKCs. Greater levels of loneliness are linked to reduced NKCs activity (Kiecolt-
Glaser el al., 1984) and diminished immunity (Dixon et al., 2006; Pressman et al., 
2005). This suggests that loneliness could lead to impairment in immune function. 
Therefore, inflammation and wider immune system reactions to stress may be 
important areas showing the effects of loneliness.  Furthermore, loneliness was 
related to changes autonomic nervous system functioning (e.g., Norman et al., 2011). 
This could be important as, for example, sympathetic nervous system (SNS) 
responsivity has a role in development of CVD (e.g., Malpas, 2010). However, so far 
research in this area is limited and again more studies need to be conducted to better 
understand the impact of loneliness upon the nervous system.  
Due to the relatively new interest in the ways that loneliness influences 
physical health, particularly regarding stress reactivity, the number of available 
studies in this area is limited and some of the studies had relatively low sample sizes. 
Furthermore, there are few existing published studies using similar outcomes 
measures, often making them the only available account containing particular 
physiological measures or stressors. Thus, making direct comparisons across studies 
more difficult. There is the possibility that publication bias influenced the results, 
particularly given that positive findings are more likely to be published or submitted 
for publication (e.g., Ferguson & Heene, 2012). However, given the high level of 
study heterogeneity and the low number of papers, we were unable to determine if 
this was the case. 




The included studies largely focused on younger adults and to lesser extent 
middle-aged adults, with only a few including older adults as participants. Therefore, 
the findings of this review may not be as representative of this older age groups. 
Given that loneliness has been found to interact with aging (e.g., Hawkley et al., 
2010; Hawkley et al., 2006; Ong, Rothstein & Uchino, 2012), more studies looking 
at acute stress reactivity in this at-risk group are warranted. This is critical 
considering the increasingly aging population (e.g., Kanasi, Ayilavarapu & Jones, 
2016) and the influence of loneliness on both mental and physical health in later life 
(Boss, Kang & Branson, 2015; Holwerda et al., 2014; O’Luanaigh et al., 2012; Ong, 
Uchino & Wethington, 2016).  
Conclusion  
Even though there are limited number of studies, those that are available 
point towards an association between loneliness and atypical stress reactivity. 
Greater levels of loneliness seem to be predictive of exaggerated responses to acute 
stress, particularly for blood pressure and inflammation. There was also some 
evidence indicating that higher levels of loneliness possibly lead to hyporeactivity in 
the form of blunted stress reactions. This connects increased feelings of loneliness to 
disruption in a wide range of key biological systems. In this review, no clear pattern 
emerged for either sex or different types of stressors, but future studies should 
examine these further. Overall, this review provides support for acute stress 
reactivity as a potential biological mechanism by which loneliness increases the risk 
of developing diseases such as hypertension and CVD.  
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Loneliness and Cardiovascular Reactivity to Acute Stress in 
Younger Adults2  
  
                                                          
2 This chapter has been published with minor editorial modifications: Brown, E.G., 
Creaven, A.-M. & Gallagher, S. (2019). Loneliness and cardiovascular reactivity to 
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Abstract 
Aims:  Cardiovascular reactivity (CVR) to stress is proposed as a mechanism 
underlying links between loneliness and poor health outcomes. However, the results 
of the systematic review (Chapter 2) indicated that the association between 
loneliness and CVR may vary depending on stressor type. To explore this further, 
the present study examined whether the relationship between loneliness and CVR 
varied across two acute psychological stress tasks.  
Method: Eighty-eight healthy younger adults completed psychometric measures of 
loneliness and participated in a standardised cardiovascular stress-testing protocol, 
with a public speaking and a mental arithmetic task. Cardiovascular functioning was 
assessed before and during the acute stress exposure. 
Results: Higher levels of loneliness significantly predicted lower total peripheral 
resistance (TPR) to the public speaking task but not to the arithmetic challenge.  
Conclusion: This suggests that the effect of loneliness on CVR to acute stress varies 
by stressor type. These findings are discussed in relation to future research.  
Keywords:  Loneliness; Cardiovascular Reactivity; Stress; Younger adults 
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Social relationships are important determinants of health. Feelings of 
loneliness can arise when these relationships are perceived as inadequate and this 
can have negative effects on one's mental and physical health. The impact of 
loneliness on the risk of mortality is akin to other well-known risk factors such as 
obesity or smoking (Holt-Lunstad et al., 2015). Furthermore, it has been connected 
to cardiovascular disease (CVD) (Thurston & Kubzansky, 2009; Valtorta et al., 
2016). Individuals with greater levels of loneliness are more likely to die of a 
cardiovascular condition compared to those who are less lonely (Patterson & 
Veenstra, 2010). Similarly, it is linked to high blood pressure (Hawkley, Masi, Berry 
& Cacioppo, 2006; Hawkley, Thisted, Masi & Cacioppo, 2010). Recently, research 
has begun to focus on the physiological processes underlying the risk that loneliness 
presents for cardiovascular health; with dysregulated cardiovascular reactivity 
(CVR) to stress (e.g., Hawkley & Cacioppo, 2010; Steptoe, Owen, Kunz-Ebrecht & 
Brydon, 2004) identified as one potential pathway.  
Lonely individuals appear to respond to stressful events differently 
(Cacioppo et al., 2000; Hawkley et al., 2003, Hawkley & Cacioppo, 2007; Segrin & 
Passalacqua, 2010). Higher levels of loneliness have been found to predict 
exaggerated blood pressure (systolic and diastolic) responses to acute stress 
(Nausheen, Gidron, Gregg, Tissarchondou & Peveler, 2007; Ong, Rothstein & 
Uchino, 2012; Steptoe et al., 2004). Exaggerated CVR to stress is associated with a 
greater risk of CVD (Carroll et al., 2012) and hypertension (Carroll et al., 2001; 
Carroll, Ring, Hunt, Ford & Macintyre, 2003; Matthews et al., 2004; Treiber et al., 
2003).  However, loneliness has also been related to lower heart rate (HR) and 
cardiac output (CO) reactions (Cacioppo et al., 2002). Diminished or blunted stress 
responses can mark cardiovascular dysregulation (Carroll, Ginty, Whittaker, Lovallo, 
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& de Rooij, 2017) and are similarly linked to negative cardiovascular outcomes such 
as greater carotid intima-media thickness (IMT) (Ginty, et al., 2016). So, while it 
appears that loneliness may be connected to atypical CVR, more research is needed 
to help understand the nuances of its impact upon physiology. For instance, while 
Ong, Rothstein & Uchino, (2012) found that high loneliness was associated with 
increased blood pressure reactivity, it was strongest in older adults suggesting that 
age could be an example of an important moderator of this relationship.  
 Previous research also suggests that differences in psychophysiological 
responses may relate to both individual differences (e.g., Hughes & Callinan, 2007) 
and the specific demands of stress tasks (e.g., Al'Absi, et al., 1997; Bosch, de Geus, 
Veerman, Hoogstraten, & Nieuw Amerongen, 2003). Some of the associations that 
have been reported between loneliness and CVR have varied between different 
stressors.  For example, Cacioppo et al., (2002) reported that lonely individuals had 
lower HR during a public speaking tasks but not for a mental arithmetic challenge. 
Whereas, Nausheen et al. (2007) that higher implicit loneliness predicted increased 
DBP reactivity to an arithmetic challenge but not to public speaking. While the 
above studies suggest that the relationship between loneliness and cardiovascular 
reactions may vary across stressor types, the evidence is somewhat mixed as 
established by a recent systematic review (see Brown, Gallagher & Creaven, 2018 - 
Chapter 2 of this thesis). 
  It is clear that additional research is necessary to explore the relationship 
between loneliness and CVR to acute stress. Thus, the aim of the study was a 
conceptual replication of previous studies investigating the relationship between 
loneliness and CVR, while also exploring the potential role of different stressors.  




Eighty-eighty younger adults (n = 59 female, n = 29 male) were recruited from 
a local university and were all students. Their ages ranged from 18 to 32 years (M = 
20.80, SD = 2.17), with a mean body mass index (BMI) of 23.15 kg/m² (SD = 3.54). 
Participants were either entered into a draw for a €50 voucher or received course credit 
for participation. Exclusion criteria included the presence of any medical conditions 
that could affect cardiovascular measures (e.g., diabetes or use of any medication such 
as beta blockers). As in previous studies (e.g., Gallagher et al., 2015; Phillips et al., 
2009), participants were requested to refrain from vigorous exercise and drinking 
alcohol for at least 12 hours, consuming caffeine for at least two hours and ingesting 
nicotine or food for at least one hour before participation. A checklist was used to 
confirm compliance. The study was approved by the host university’s faculty ethics 
committee and participants provided written informed consent before commencing. 
Initially, ninety-seven students were recruited to take part in the study. However, 
several participants had to be excluded due to missing data (n = 7) and for being 
outside the younger adult age range (18-35) (n = 2).  
Apparatus 
Systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial 
pressure (MAP), heart rate (HR), cardiac output (CO), ejection time (EJT) and total 
peripheral resistance (TPR) were measured using a Finometer (FMS, Finapres 
Medical Systems BV). The Finometer accurately measures beat-to-beat 
cardiovascular function and meets a number of organisations’ validation criteria 
(Guelen et al., 2003).  Using a timer built into the recoding software BeatScope® 
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Easy the time at which each different period began was noted. Weighing scales and a 
tape measure were used to record weight (kg) and height (cm). These were later used 
to calculate BMI so that it could be controlled for as it has also been found to predict 
increased blood pressure (Dua et al., 2014). 
Psychological Measures  
Loneliness was assessed using the UCLA Loneliness Scale (Version 3) 
(Russell, 1996) which measures an individual’s agreement with 20 statements 
detailing various aspects of loneliness (1 = ‘Never’ to 4 = ‘Often’ (20-80); this was 
reversed for negatives). For example, ‘how often do you feel that you lack 
companionship?’. In the present study, internal reliability for this scale was excellent 
(Cronbach’s α = .94). After the stress task, participants completed a stressfulness 
rating item measuring stress appraisals of the task (1 = ‘Not very stressful’ to 7 = 
‘Very stressful’). 
Stress tasks 
The two stress tasks were presented consecutively and the order was counter-
balanced. Computerized instructions were given both visually and audibly. Both 
stress tasks involved an evaluative element (i.e., the researcher was sitting nearby) 
and speaking aloud. During this period, the experimenter was still in the room but 
behind a screen to avoid any distractions.  
Mental Arithmetic. 
 The Paced Auditory Serial Addition Test (PASAT; Gronwall & Sampson, 
1974; Ring, Burns & Carroll, 2000) was utilised. It involves the auditory 
presentation of a single digit number every few seconds and the participant’s task 
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was to add each new digit to the immediately preceding one. Participants’ 
performance was recorded by the experimenter using a scoring sheet.  
Public speaking. 
 Participants prepared a speech in which they had to describe three good and 
three bad characteristics about themselves, providing an example illustrating each 
one. Participants were then asked to present this speech. The task thus followed a 
similar structure to the Trier Social Stress Test (TSST) (Kirschbaum, Pirke & 
Hellhammer, 1993), however the length of the task was shorter and the speech was 
delivered in presence of the experimenter rather than a separate audience. 
Participants were informed that the experimenter would be monitoring their 
performance and that it would be compared to that of other participants. 
Procedure  
Upon arrival at the health laboratory, participants gave informed consent, and 
their height and weight were recorded.  Participants underwent a 20-minute 
acclimatisation period before formal cardiovascular measurement commenced.  
Once seated, participants were instructed to place their feet in a provided box, to 
avoid unnecessary or excessive movement. Participants were attached to the 
Finometer. Participants were instructed to complete all tasks with their free dominant 
arm and to refrain from speaking unless indicated to do so. Participants then 
provided socio-demographic information and ratings of loneliness by completing a 
questionnaire booklet.   
Following the acclimatisation period, participants engaged in a formal 
baseline period of 10 minutes. Before beginning the stress tasks, participants 
answered a pre-task questionnaire. Next the participants engaged in the tasks (the 
Chapter 3. Loneliness & CVR in Younger Adults 
90 
mental arithmetic challenge (6mins) and the public speaking task (7mins). After a 
recovery period, cardiovascular monitoring was stopped and participants completed 
a final questionnaire booklet including post-stressor ratings. Once the procedure had 
ended participant were debriefed.     
Statistical Analysis 
IBM SPSS version 24 was used to conduct all statistical analyses. Data were 
first screened and checked for normality. Paired-samples t-tests were used to check 
that the stress tasks were effective. Cardiovascular reactivity was defined as the 
difference between responses to the stress tasks and baseline measures. Multilevel 
modelling using hierarchical linear mixed models was employed to investigate the 
interaction between the tasks and loneliness while also controlling for the 
hierarchical nature of the data. The repeated measure was the three phases for each 
of the cardiovascular indices and this was level 1. Participant was level 2 with 
loneliness as the predictor using the continuous measure. Loneliness was mean 
centred using the grand mean (see Kreft, de Leeuw, & Aiken, 1995). Again at level 
2, BMI, sex and task order were entered as covariates. Goodness of fit was 
determined using the -2 log likelihood (-2LL). 
 In addition, hierarchical regression analyses and change scores were used to 
further examine any associations between loneliness and reactivity. In step one, 
loneliness was entered by itself.  For step two, baseline cardiovascular measures, 
BMI, and sex (i.e., biometric confounds) were then entered. The variance inflation 
factor (VIF) was used to check multicollinearity, with a VIF of 1 suggesting no 
correlation between the predictor and the remaining variables (Field, 2018). One of 
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the remaining participants was missing the subjective stressfulness measure so was 
not included for any analysis using this measure.  
Results  
Descriptive Statistics  
The total mean loneliness score was 35.77 (SD = 10.40) ranging from 20 to 
67. This is comparable to normative scores reported in previous reactivity research in 
young adult samples using the UCLA loneliness scale (e.g., Cacioppo et al., 2002; 
Nausheen et al., 2007; Ong, Rothstein & Uchino, 2012; Steptoe et al., 2004). Paired-
samples t-tests confirmed that the stress tasks was successful in producing a 
significant physiological response (see Table 1). There was no significant difference 
in reported stressfulness between the speech task (M = 4.26, SD = 1.22) and the 
arithmetic task (M = 4.59, SD = 1.22) (n=87, MD = 0.32, SD =1.72; t (86) =-1.75, p 
= .08). 
Table 1.  Descriptive statistics and manipulation check results (N = 88) 
Note: SBP=systolic blood pressure (mmHg); DBP=diastolic blood pressure (mmHg); HR=heart 
rate (bpm); CO=cardiac output (litres per minute); TPR=total peripheral resistance (peripheral 
resistance units); EJT=(Ejection time). 
 Baseline Speech Task Test of difference Maths Task Test of difference 
 M (SD) M (SD)  M (SD)  
SBP 126.19 (14.78) 145.74 (19.31) t (87) = 14.58 p < .001 144.10 (20.14) t (87) = 13.36 p < .001 
DBP 77.60 (11.59) 90.99 (13.86) t (87) = 15.96 p < .001 89.60 (14.47) t (87) = 13.98 p < .001 
MAP 97.05 (12.14) 113.61 (15.76) t (87) = 15.89 p < .001 112.38 (16.65) t (87) = 14.56 p < .001 
HR 79.18 (11.59) 84.05 (13.03) t (87) = 7.69 p < .001 81.99 (13.14) t (87) = 4.26 p < .001 
CO 5.75 (1.43) 5.98 (1.69) t (87) = 2.68 p = .009 5.98 (1.58) t (87) = 2.46 p = .016 
EJT .288 (.019) .286 (.018) t (87) = .003 p < .001 .289 (.020) t (87) = -.001 p = 401 
TPR 1.15 (0.65) 1.32 (0.65) t (87) = 5.45 p < .001 1.31 (0.75) t (87) = 5.42 p < .001 
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Loneliness and cardiovascular activity during the tasks 
To investigate the relationship between loneliness and cardiovascular levels 
during the different phases while also accounting for the hierarchical nature of the 
data a series of two-level linear mixed models were conducted. The repeated 
measure was the three phases for each of the cardiovascular indices and this was 
level 1. Participant was level 2. At level 2, loneliness was the predictor with BMI, 
sex and task order were entered as covariates3. 
For TPR, there was significant variance in intercepts (VAR (u0j) = 0.36, χ
2 
(1) = 334.64, p <.001) suggesting that the relationship between loneliness and TPR 
varied across participants. The slopes varied significantly across participants, VAR 
(u1j) = .002, χ
2 (1) = 40.74, p <.001, but the slopes and intercepts did not significantly 
covary, Cov (uoj, uij) = -.003, χ
2 (1) = 1.16 p > .05). There was significant main effect 
of phase (F (2, 95.37) = 21.78, p < .001) but there was no significant main effect of 
loneliness on TPR (F (1, 60.92) = .038, p = .85). However, there was a significant 
interaction between loneliness and phase for TPR (F (1, 95.37) = 3.78, p = .026), 
such that higher loneliness was significantly related to lower TPR during the speech 
task relative to the baseline (b = -.007, t (104.60) = -2.60, p = .011) and to the maths 
task (b = -.006, t (69.97) = -2.10, p = .040). Loneliness did not significantly predict 
lower TPR for the maths task relative to the baseline (b = -.002, t (97. 25) = -.57, 
p = .57). Additionally, BMI was a significant control variable (F (1, 61.48) = 16.61, 
p < .001). 
                                                          
3  The results for TPR were also significant when no covariates were included in the 
models 
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The analysis was similarly conducted for other measures. For SBP (VAR 
(u1j) =0.82, χ
2 (1) = 5.49, p < .05), MAP (VAR (u1j) = 0.62, χ
2 (1) = 4.10, p < .05) 
HR (VAR (u1j) = 0.54, χ
2 (1) = 19.51, p < .001) and EJT (VAR (u1j) = .0003, χ
2 (1) = 
7.66, p < .01, the models with the intercept and slopes varied demonstrated the best 
fit.  For, DBP (VAR (u0j) = 162.74, χ
2 (1) = 254.39, p <. 001) and CO (VAR (u0j) = 
1.58, χ2 (1) = 246.35, p <. 001), the model with only the intercept varied was the best 
fit. The main effect of loneliness and its interaction with phase were not significant 
for these measures (ps > .05).   
Cardiovascular Reactivity  
Hierarchical regressions and difference scores were used to investigate the 
relationship between loneliness and CVR. These regressions showed that higher 
levels of loneliness predicted lower TPR reactivity to the public speaking task (β =-
.26, p = .016), (R2 = .066, F (1, 86) = 6.09, p =.016). Greater levels of loneliness 
continued to show this negative association (β = -.25, p = .017), (R2 =.209, F (4, 83) 
= 5.49, p = .001) after controlling for baseline levels, sex and BMI. Baseline TPR 
levels (β = -.26, p = .017) and BMI (β = -.35, p =.001) were significant control 
variables. Finally, when task order was included it was not a significant predictor 
and loneliness still predicted lower TPR reactivity (β = -.24, p = .02) (R2 =.21, F (5, 
82) = 4.39, p = .001) (see Table 2). Relatively low levels of multicollinearity were 
present amongst the variables. Loneliness did not significantly predict TPR reactions 
to the metal arithmetic task (β = -.61, p = .57) and this remain so even with the 
inclusion of all control variables (β = -.16, p = .17).  
For HR, by itself, loneliness was not significantly associated with reactivity 
to the speech task (β = .20, p = .069). However, higher levels of loneliness did 
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significantly predict increased HR reactivity to the public speaking task when 
adjusting for biometric confounds (β =.24, p = .033) and then for task order (β =.26 p 
= .024) as well. The relationship between loneliness and HR reactivity to the mental 
arithmetic challenge was not significant (β=.08, p = .49) even with the inclusion of 
all control variables (β =.12, p = .28).  
Table 2.  Results of hierarchical regression for TPR reactivity to the speech task. 
Variables Β t p R 2 ΔR2 
Step 1      
Loneliness -.26 -2.47 .016   
    .066 - 
Step 2      
Loneliness -.25 -2.42 .017   
TPR Baseline  -.26 -2.45 .017   
Sex -.08 -.78 .437   
BMI -.35 -3.43 .001   
    .209 .143 
Step 3      
Loneliness -.24 -2. 34 .022   
TPR Baseline  -.2.53 -2.35 .021   
Sex -.07 -.69 .492   
BMI -.35 -3.29 .001   
Task Order -.032 -.30 .762   
    .210 .001 
Note: * p<.05 highlighted in bold. 
 
 
Level of loneliness was not found to significantly predict SBP, DBP, MAP, 
CO or EJT reactivity to either stressor (ps < .05). In addition, loneliness was not 
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significantly associated with psychological responses to the public speaking task (β = 
.162, p = .13) or the mental arithmetic task (β = -.08, p = .46). When adjusting for 
perceived stressfulness, the above reported relationships between loneliness and 
reactivity remained significant.  
 
Table 3.  Step one of the hierarchical regressions for loneliness and reactivity.  
Variables β t p 
Speech Task     
SBP  -.11 -1.07 .289 
DBP -.13 -1.25 .215 
MAP -.14 -.1.30 .196 
HR .20 1.84 .069 
CO .09 .84 .403 
EJT .04 .39 .697 
TPR -.26 -2.47 .016 
Stressfulness .162 1.52 .133 
    
Maths Task    
SBP -.07 -.69 .494 
DBP -.07 -.69 .490 
MAP -.08 -.77 .444 
HR .07 .68 .496 
CO .01 .06 .952 
EJT .161 1.52 .133 
TPR -.06 -.55 .582 
Stressfulness  -.08 -.74 .464 
Note: * p<.05 highlighted in bold. 
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Discussion 
Given the mixed findings in the previous literature, this study sought to 
examine the association between loneliness and CVR, and additionally determine if 
this relationship was the same across stressors. Unexpectedly, loneliness was not 
significantly associated with systolic and diastolic blood pressure responses as 
reported by previous research (Nausheen et al., 2007; Ong, Rothstein & Uchino, 
2012; Steptoe et al., 2004). It is possible that this is due to methodological 
differences. The psychological stressors and how they were presented here did 
slightly differ from these other studies. For example, the speech tasks all varied in 
length, had different levels of social evaluation and the topics in some cases were 
different. There were also similar variations in terms of the maths task utilised. 
Various stressors have been used across the studies looking at the relationship 
between loneliness and stress reactivity (see Chapter 2) and this could help explain 
some of the inconsistency seen in results. Additionally, Cacioppo et al., (2002) found 
similar results when looking at younger adults and they suggest that any association 
between loneliness and blood pressure may take time to become apparent, with 
dysregulation in underlying haemodynamics being an earlier indicator of future 
cardiovascular disruption.  
Loneliness was related to diminished TPR during the speech task in 
comparison to the maths task, with higher loneliness being significantly associated 
with lower reactivity. This is interesting considering that lower TPR reactivity has 
previously been proposed to reflect a more positive response to stress; a challenge 
rather than a threat state (Seery, 2011). However, recently blunted reactivity has 
been suggested to be a biomarker of emotional dysregulation (Carroll, Ginty, 
Whittaker, Lovallo, & de Rooij, 2017). For instance, individuals with depression 
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have also been found to have significantly lower TPR reactivity to a speech task 
compared to healthy controls (Salomon, Bylsma, White, Panaite & Rottenberg, 
2013). Furthermore, it is worth noting that blunted cardiovascular responses have 
been identified to be as harmful as exaggerated reactions (Carroll et al., 2017). For 
instance, they have been linked to increased carotid intima-media thickness (IMT) 
(Ginty, et al., 2016), greater mortality in heart failure patients (Kupper, Denollet, 
Widdershoven, & Kop, 2015), depression and obesity (Phillips et al., 2012). 
However, there is limited literature on the relationship between blunted TPR 
reactivity and health, so more research evaluating atypical responses in the 
hemodynamic determinants of blood pressure is clearly warranted. 
Alternatively, the lower TPR response to stress observed in the current study 
could be interpreted differently. Previous research suggests that a tendency to 
respond to stressors with an increased vascular based response (increases in TPR) 
can be detrimental to cardiovascular health, particularly when the stressors typically 
induced myocardial responses (increased CO with compensatory decrease in 
TPR)(Gregg, Matyas & James, 2002;  Howard, Hughes & James, 2011; Hughes, 
Howard, James & Higgins, 2011; James, Gregg, Matyas, Hughes & Howard, 2012). 
For instance, Hughes, Howard, James & Higgins (2011) reported a similar pattern to 
this study in those with low neuroticism, observing a decreased TPR during initial 
stress exposure, suggesting a less of a vascular based stress response compared to 
those high in neuroticism. High neuroticism has been linked to an increased risk of 
CVD (e.g., Jokela et al. 2013). Given this, a lower TPR response to an active task 
like the speech task could instead be consider a potentially more adaptive response. 
While loneliness can be damaging to health, its effect may not always be completely 
negative as it has also been suggested to encourage adaptive responses in certain 
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circumstances (Cacioppo et al., 2009; Cacioppo et al., 2014). This may even extend 
to how lonely individuals physiologically respond to social stressors. Therefore, the 
present findings could represent a possible protective function in cardiovascular 
responses to social relevant stressors. However, more research is needed to 
determine if this pattern of haemodynamic responding could be beneficial in terms of 
loneliness and if so whether it remains so over long periods of time.  
Furthermore, there was some indication that higher levels of loneliness may 
be associated with increased HR reactivity. To maintain blood pressure when TPR 
decreases, the heart is forced to pump faster thereby possibly leading to higher HR 
reactivity. Relating our HR findings to other studies, Cacioppo et al., (2002) reported 
that lonely individuals had lower CO and HR during stress compared to non-lonely 
individual which is in contrast to our data. However, loneliness was not significantly 
related to CO reactivity in current study. Additionally, loneliness was not 
significantly associated with EJT reactivity either. 
However, consistent with earlier research (e.g., Steptoe et al. 2004), 
subjective stress reactions to the stress tasks did not relate to loneliness. In addition, 
they did not significantly differ based on type of task either. This supports the 
suggestion that lonely individuals do not display atypical activation due to temporary 
differences in how they perceive a stressor but rather due to alterations in the 
psychophysiological process underpinning responsivity. 
In this study, loneliness was associated with cardiovascular responses to the 
public speaking stressor but not the mental arithmetic task. As the speech task 
involved communicating about a number of positive and negative personal 
characteristics which could have social implications, this could have played a role. 
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Previous research suggests that lonely individuals may be more sensitive to socially-
relevant information and that loneliness makes individuals hyper-attentive to 
possible social threats (Cacioppo & Hawkley, 2009; Cacioppo, Norris, Decety, 
Monteleone, & Nusbaum, 2009; Bangee, Harris, Bridges, Rotenberg, & Qualter, 
2014; Cacioppo, Balogh, & Cacioppo, 2015, Cacioppo et al., 2016). Future studies 
should aim to tease out the effect of stressor type further by comparing responses to 
a variety of social and asocial stressors. Moreover, research should aim to test this in 
different contexts with individuals experiencing stress by themselves or with others. 
This study has some limitations. It is cross-sectional in nature which 
somewhat impedes any inferences about causation and how these findings generalise 
across situations. Future research should aim to address this issue by exposing 
individuals to stressors on multiple occasion to see if patterns are replicated across 
these encounters. Nevertheless, given that loneliness is linked to future changes in 
cardiovascular outcomes (e.g., Hawkley et al., 2010), it is reasonable to suggest that 
loneliness could have a lasting impact on psychophysiological processes including 
stress reactivity. The present study has a relatively small sample size, however it was 
similar to other sample sizes from research in this area (e.g., O’Donovan & Hughes, 
2007).  Furthermore, university students may potentially be more familiar with social 
evaluative situations such as public speaking (as it is often part of their studies); 
however, the tasks used in this study have previously been shown to successful 
induce significant stress responses in students (e.g., Kirschbaum, Pirke & 
Hellhammer,1993; Gallagher et al., 2013; Ring et al., 2000). Despite these 
limitations, this study is strengthened by the use of a rigorous stress-testing protocol 
and comprehensive measurement of CVR, therefore contributing to the literature 
investigating the influence of loneliness upon cardiovascular physiology. 
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Overall, these results provide some much-needed insight into the complex 
physiology of loneliness and how it may relate to health. As loneliness has been 
linked to poorer cardiovascular health (Patterson & Veenstra, 2010; Thurston & 
Kubzansky, 2009; Valtorta et al., 2016), it is essential to identify the 
psychophysiological pathways underlying this association. While there is some 
support for a link between loneliness and atypical stress reactivity, more research is 
required to better understand why this relationship appears to vary across studies. 
The present study suggests that differences between stressors should not be 




Chapter 3. Loneliness & CVR in Younger Adults 
101 
References 
Al'Absi, M., Bongard, S., Buchanan, T., Pincomb, G. A., Licinio, J., & Lovallo, W. 
R. (1997). Cardiovascular and neuroendocrine adjustment to public speaking 
and mental arithmetic stressors. Psychophysiology, 34(3), 266-275. 
http://doi.org/10.1111/j.1469-8986.1997.tb02397.x 
Bangee, M., Harris, R. A., Bridges, N., Rotenberg, K. J., & Qualter, P. (2014). 
Loneliness and attention to social threat in young adults: Findings from an 
eye tracker study. Personality and Individual Differences, 63(Supplement C), 
16-23. https://doi.org/10.1016/j.paid.2014.01.039 
Bosch, J. A., de Geus, E. J. C., Veerman, E. C. I., Hoogstraten, J., & Nieuw 
Amerongen, A. V. (2003). Innate secretory immunity in response to 
laboratory stressors that evoke distinct patterns of cardiac autonomic activity. 
Psychosomatic Medicine, 65(2), 245-258. 
http://doi.org/10.1097/01.PSY.0000058376.50240.2D 
Brown, E.G., Gallagher, S. & Creaven, A-M. (2018). Loneliness and acute stress 
reactivity: A systematic review of psychophysiological studies. 
Psychophysiology, 55(5), http://doi.org/10.1111/psyp.13031 
Cacioppo, J. T., Ernst, J. M., Burleson, M. H., McClintock, M. K., Malarkey, W. B., 
Hawkley, L. C., . . . Berntson, G. G. (2000). Lonely traits and concomitant 
physiological processes: the MacArthur social neuroscience studies. 
International Journal of Psychophysiology, 35(2), 143-154. 
https://doi.org/10.1016/S0167-8760(99)00049-5 
Cacioppo, J. T., Hawkley, L. C., Crawford, E., Ernst, J. M., Burleson, M. H., 
Kowalewski, R. B., & ... Berntson, G. G. (2002). Loneliness and health: 
Chapter 3. Loneliness & CVR in Younger Adults 
102 
potential mechanisms. Psychosomatic Medicine, 64(3), 407-417. 
http://doi.org/10.1097/00006842-200205000-00005 
Cacioppo, J. T., Norris, C. J., Decety, J., Monteleone, G., & Nusbaum, H. (2009). In 
the Eye of the Beholder: Individual Differences in Perceived Social Isolation 
Predict Regional Brain Activation to Social Stimuli. Journal of Cognitive 
Neuroscience, 21(1), 83–92. http://doi.org/10.1162/jocn.2009.21007 
Cacioppo, J. T., & Hawkley, L. C. (2009). Perceived social isolation and cognition. 
Trends in Cognitive Sciences, 13(10), 447-454. 
https://doi.org/10.1016/j.tics.2009.06.005 
Cacioppo, S., Balogh, S., & Cacioppo, J. T. (2015). Implicit attention to negative 
social, in contrast to nonsocial, words in the Stroop task differs between 
individuals high and low in loneliness: Evidence from event-related brain 
microstates. Cortex, 70(Supplement C), 213-233. 
https://doi.org/10.1016/j.cortex.2015.05.032 
Cacioppo, S., Bangee, M., Balogh, S., Cardenas-Iniguez, C., Qualter, P., & 
Cacioppo, J. T. (2016). Loneliness and implicit attention to social threat: A 
high-performance electrical neuroimaging study. Cognitive Neuroscience, 
7(1-4), 138-159. http://doi.org/10.1080/17588928.2015.1070136 
Carroll, D., Ginty, A. T., Der, G., Hunt, K., Benzeval, M., & Phillips, A. C. (2012). 
Increased blood pressure reactions to acute mental stress are associated with 
16-year cardiovascular disease mortality. Psychophysiology, 49(10), 1444-
1448. http://doi.org/10.1111/j.1469-8986.2012.01463.x 
Chapter 3. Loneliness & CVR in Younger Adults 
103 
Carroll, D., Ginty, A. T., Whittaker, A. C., Lovallo, W. R., & de Rooij, S. R. (2017). 
The behavioural, cognitive, and neural corollaries of blunted cardiovascular 
and cortisol reactions to acute psychological stress. Neuroscience & 
Biobehavioral Reviews, 77, 74-86. 
https://doi.org/10.1016/j.neubiorev.2017.02.025 
Carroll, D., Ring, C., Hunt, K., Ford, G., & MacIntyre, S. (2003). Blood pressure 
reactions to stress and the prediction of future blood pressure: effects of sex, 
age, and socioeconomic position. Psychosomatic Medicine, 65(6), 1058-
1064. http://doi.org/10.1097/01.PSY.0000097330.58739.26 
Carroll, D., Smith, G.D., Shipley, M.J., Steptoe, A., Brunner, E.J., & Marmot, M.G., 
(2001). Blood pressure reactions to acute psychological stress and future 
blood pressure status: a 10-year follow-up of men in the Whitehall II study. 
Psychosomatic Medicine, 63, 737-743. 
http://doi.org/10.1097/PSY.0b013e3182359808 
Christian, L. M., & Stoney, C. M. (2006). Social support versus social evaluation: 
unique effects on vascular and myocardial response patterns. Psychosomatic 
medicine, 68(6), 914–921. doi:10.1097/01.psy.0000244023.20755.cf 
Dua, S., Bhuker, M., Sharma, P., Dhall, M., & Kapoor, S. (2014). Body mass index 
relates to blood pressure among adults. North American Journal of Medical 
Sciences, 6(2), 89–95. http://doi.org/10.4103/1947-2714.127751 
Gallagher, S., Howard, S., & Heffernan, M. (2015). Differential hemodynamic 
effects during the provision of active and passive support in the 
laboratory. Psychology & Health, 30(9), 1088-1102. 
http://doi.org/10.1080/08870446.2015.102424 
Chapter 3. Loneliness & CVR in Younger Adults 
104 
Gallagher, S., Meaney, S., & Muldoon, O. T. (2014). Social identity influences stress 
appraisals and cardiovascular reactions to acute stress exposure. British 
Journal of Health Psychology, 19(3), 566-579. 
http://doi.org/10.1111/bjhp.12056 
Ginty, A. T., Williams, S. E., Jones, A., Roseboom, T. J., Phillips, A. C., Painter, R. 
C., . . . de Rooij, S. R. (2016). Diminished heart rate reactivity to acute 
psychological stress is associated with enhanced carotid intima-media 
thickness through adverse health behaviors. Psychophysiology, 53(6), 769-
775. doi:10.1111/psyp.12640 
Gregg, M. E., Matyas, T. A., & James, J. E. (2002). A new model of individual 
differences in hemodynamic profile and blood pressure 
reactivity. Psychophysiology, 39(1), 64–72. 
doi:10.1017/S0048577202001154 
Gronwall, D., & Sampson, H. (1974). The psychological effects of concussion. 
Auckland, New Zealand: Auckland University Press 
Guelen, I., Westerhof, B. E., Van Der Sar, G. L., Van Montfrans, G. A., Kiemeneij, 
F., Wesseling, K. H., & Bos, W. J. (2003). Finometer, finger pressure 
measurements with the possibility to reconstruct brachial pressure. Blood 
Pressure Monitoring, 8(1), 27-30. http://doi.org/10.1097/00126097-
200302000-00006 
Hawkley, L. C., Burleson, M. H., Berntson, G. G., & Cacioppo, J. T. (2003). 
Loneliness in everyday life: Cardiovascular activity, psychosocial context, 
Chapter 3. Loneliness & CVR in Younger Adults 
105 
and health behaviors. Journal of Personality and Social Psychology, 85(1), 
105-120. http://doi.org/ 10.1037/0022-3514.85.1.105 
Hawkley, L. C., & Cacioppo, J. T. (2007). Aging and Loneliness: Downhill 
Quickly? Current Directions in Psychological Science, 16(4), 187-191. 
http://doi.org/10.1111/j.1467-8721.2007.00501.x 
Hawkley, L. C., & Cacioppo, J. T. (2010). Loneliness matters: A theoretical and 
empirical review of consequences and mechanisms. Annals of Behavioral 
Medicine, 40(2), 218-227. doi:10.1007/s12160-010-9210-8 
Hawkley, L. C., Masi, C. M., Berry, J. D., & Cacioppo, J. T. (2006). Loneliness is a 
unique predictor of age-related differences in systolic blood 
pressure. Psychology and Aging, 21(1), 152-164. 
http://doi.org/10.1037/0882-7974.21.1.152 
Hawkley, L. C., Thisted, R. A., Masi, C. M., & Cacioppo, J. T. (2010). Loneliness 
predicts increased blood pressure: 5-year cross-lagged analyses in middle-
aged and older adults. Psychology and Aging, 25(1), 132-141. 
doi:10.1037/a0017805 
Holt-Lunstad, J., Smith, T. B., Baker, M., Harris, T., & Stephenson, D. (2015). 
Loneliness and social isolation as risk factors for mortality: A meta-analytic 
review. Perspectives on Psychological Science, 10(2), 227-237.  
http://doi.org/10.1177/1745691614568352 
Howard, S., Hughes, B. M., & James, J. E. (2011). Type D personality and 
hemodynamic reactivity to laboratory stress in women. International Journal 
Chapter 3. Loneliness & CVR in Younger Adults 
106 
of Psychophysiology, 80(2), 96–102. 
https://doi.org/10.1016/j.ijpsycho.2011.02.006 
Hughes, B.M., & Callinan, S., (2007). Trait dominance and cardiovascular reactivity 
to social and non-social stressors: Gender-specific implications. Psychology 
& Health, 22,457-472. http://doi.org/10.1080/14768320600976174 
Hughes, B. M., Howard, S., James, J. E., & Higgins, N. M. (2011). Individual 
differences in adaptation of cardiovascular responses to stress. Biological 
Psychology, 86(2), 129–136. https://doi.org/10.1016/j.biopsycho.2010.03.015 
James, J. E., Gregg, M. E. D., Matyas, T. A., Hughes, B. M., & Howard, S. (2012). 
Stress reactivity and the Hemodynamic Profile–Compensation Deficit (HP–
CD) Model of blood pressure regulation. Biological Psychology, 90(2), 161–
170. https://doi-org/10.1016/j.biopsycho.2012.02.021 
Kirschbaum, C., Pirke, K. M., & Hellhammer, D. H. (1993). The 'Trier Social Stress 
Test'--a tool for investigating psychobiological stress responses in a 
laboratory setting. Neuropsychobiology, 28(1-2), 76-81. 
http://doi.org/10.1159/000119004 
Kreft, I. G., de Leeuw, J., & Aiken, L. S. (1995). The effect of different forms of 
centering in hierarchical linear models. Multivariate Behavioral Research, 
30(1), 1–21. https://doi.org/10.1207/s15327906mbr3001_1 
Kupper, N., Denollet, J., Widdershoven, J., & Kop, W. J. (2015). Cardiovascular 
reactivity to mental stress and mortality in patients with heart failure. JACC: 
Heart Failure, 3(5), 373-382. https://doi.org/10.1016/j.jchf.2014.12.016 
Chapter 3. Loneliness & CVR in Younger Adults 
107 
Matthews, K. A., Katholi, C. R., McCreath, H., Whooley, M. A., Williams, D. R., 
Zhu, S., & Markovitz, J. H. (2004). Blood Pressure Reactivity to 
Psychological Stress Predicts Hypertension in the CARDIA Study. 
Circulation, 110(1), 74-78. doi:doi:10.1161/01.CIR.0000133415.37578.E4 
Nausheen, B., Gidron, Y., Gregg, A., Tissarchondou, H. S., & Peveler, R. (2007). 
Loneliness, social support and cardiovascular reactivity to laboratory 
stress. Stress, 10(1), 37-44. doi:10.1080/10253890601135434 
O'Donovan, A., & Hughes, B. (2007). Social support and loneliness in college 
students: Effects on pulse pressure reactivity to acute stress. International 
Journal of Adolescent Medicine and Health, 19(4), 523-528. 
doi:10.1515/IJAMH.2007.19.4.523 
Ong, A. D., Rothstein, J. D., & Uchino, B. N. (2012). Loneliness accentuates age 
differences in cardiovascular responses to social evaluative 
threat. Psychology and Aging, 27(1), 190-198. doi:10.1037/a0025570 
Patterson, A. C., & Veenstra, G. (2010). Loneliness and risk of mortality: a 
longitudinal investigation in Alameda County, California. Social Science & 
Medicine (1982), 71(1), 181-186. doi:10.1016/j.socscimed.2010.03.024 
Phillips, A.C., Gallagher, S., & Carroll, D. (2009). Social support, social intimacy, 
and cardiovascular reactions to acute psychological stress. Annals of 
Behavioral Medicine, 37, 38-45. doi:10.1007/s12160-008-9077-0 
Phillips, A. C., Roseboom, T. J., Carroll, D., & de Rooij, S. R. (2012). 
Cardiovascular and cortisol reactions to acute psychological stress and 
adiposity: cross-sectional and prospective associations in the Dutch famine 
Chapter 3. Loneliness & CVR in Younger Adults 
108 
birth cohort study. Psychosomatic Medicine, 74(7), 699-710. 
doi:10.1097/PSY.0b013e31825e3b91 
Ring, C., Burns, V. E., & Carroll, D. (2002). Shifting hemodynamics of blood 
pressure control during prolonged mental stress. Psychophysiology, 39(5), 
585-590. doi: 10.1017.S0048577202011320 
Russell, D. W. (1996). UCLA Loneliness Scale (Version 3): Reliability, validity, and 
factor structure. Journal of Personality Assessment, 66(1), 20-40. 
doi:10.1207/s15327752jpa6601_2 
Salomon, K., Bylsma, L. M., White, K. E., Panaite, V., & Rottenberg, J. (2013). Is 
blunted cardiovascular reactivity in depression mood-state dependent? A 
comparison of major depressive disorder remitted depression and healthy 
controls. International Journal of Psychophysiology, 90(1), 50-57. 
https://doi.org/10.1016/j.ijpsycho.2013.05.018 
Seery, M. D. (2011). Challenge or threat? Cardiovascular indexes of resilience and 
vulnerability to potential stress in humans. Neuroscience & Biobehavioral 
Reviews, 35(7), 1603-1610. https://doi.org/10.1016/j.neubiorev.2011.03.003 
Segrin, C., & Passalacqua, S. A. (2010). Functions of loneliness, social support, 
health behaviors, and stress in association with poor health. Health 
Communication, 25(4), 312-322. http://doi.org/10.1080/10410231003773334 
Steptoe, A., Owen, N., Kunz-Ebrecht, S. R., & Brydon, L. (2004). Loneliness and 
neuroendocrine, cardiovascular, and inflammatory stress responses in middle-
aged men and women. Psychoneuroendocrinology, 29(5), 593. 
doi:10.1016/S0306-4530(03)00086-6 
Chapter 3. Loneliness & CVR in Younger Adults 
109 
Thurston, R., & Kubzansky, L. (2009). Women, loneliness, and incident coronary 
heart disease. Psychosomatic Medicine, 71(8), 836-842. 
doi:10.1097/PSY.0b013e3181b40efc 
Treiber, F.A., Kamarck, T., Schneiderman, N., Sheffield, D., Kapuku, G., & Taylor, 
T. (2003). Cardiovascular reactivity and development of preclinical and 
clinical disease states. Psychosomatic Medicine, 65, 46-
62.  http://doi.org/10.1097/00006842-200301000-00007 
Valtorta, N. K., Kanaan, M., Gilbody, S., Ronzi, S., & Hanratty, B. (2016). 
Loneliness and social isolation as risk factors for coronary heart disease and 
stroke: systematic review and meta-analysis of longitudinal observational 


































Chapter 4: Study 3 
 
Loneliness and Cardiovascular Reactivity in Older Adults 
Chapter 4. Loneliness & CVR in Older Adults 
112 
Abstract 
Aims: Loneliness has serious cardiovascular health implications for older adults. 
One proposed mechanism by which loneliness influences cardiovascular health is 
through atypical cardiovascular reactivity (CVR) to stress. Building on Study 2 
(Chapter 3), this study explores the role of stressor type on CVR in older adults, with 
a particular focus on the underlying haemodynamics (e.g., TPR and CO). Further, 
two versions of the UCLA loneliness scale were included. 
 Method: Eighty older adults, ranging in age from 55 to 88 years (M = 68.93, 
SD = 8.28), completed two different length versions of the same of loneliness 
measure (a 20-item and a briefer, 3-item) and took part in a laboratory stress-testing 
procedure which included a mental arithmetic challenge and a public speaking task. 
Cardiovascular activity was monitored throughout.  
Results: When using the 20-item version, there were no associations with any 
cardiovascular reactivity indices and no effect of stressor type.  However, when 
using the 3-item version, increased loneliness was related to a lower SBP response to 
the public speaking task but not the maths task. Regardless of UCLA version, greater 
loneliness was also associated with higher levels of TPR.  
Conclusions: Greater loneliness was significantly related to a diminished SBP 
response however, this was dependent on how loneliness was assessed with the 3-
item more predictive. Like in Study 2, this association was also specific to a public 
speaking task, suggesting that stressor type matters in this relationship. Thus, 
atypical cardiovascular reactivity to stress remains a potential mechanism by which 
loneliness may influences health in older adults. The findings are discussed relative 
to methodological issues identified here.  
Keywords: Loneliness, Stress, Cardiovascular, Reactivity, Older adults 
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Loneliness is emotionally based response to a perception of inadequacy in 
our social relationships (Peplau & Perlman, 1982). It has significant health 
implications for older adults, with loneliness linked to an increased risk of mortality 
(Holt-Lunstad et al., 2015; Luo, Hawkley, Waite & Cacioppo, 2012; Perissinotto, 
Cenzer & Covinsky, 2012; Tilvis, Laitala Routasalo & Pitkälä, 2011) and an 
increased risk of cardiovascular disease (Sorkin, Rook & Lu, 2002). Furthermore, 
loneliness increases the likelihood of suffering from hypertension in old age 
(Momtaz et al., 2012). Loneliness predicts higher levels of resting systolic blood 
pressure (SBP) and increased age-related changes in the same measure over a four-
year period (Hawkley, Masi, Berry, & Cacioppo, 2006; Hawkley, Thisted, Masi, & 
Cacioppo, 2010). Likewise, Cacioppo and colleagues (2002) observed that SBP was 
higher in older lonely adults. Given the potential seriousness of the risk that 
loneliness presents for the cardiovascular health of older adults, research has begun 
to investigate the possible psychobiological mechanisms underlying its impact.  
One of the proposed pathways through which loneliness influences health is 
via changes in cardiovascular stress reactivity. Our systematic review suggests that 
loneliness is related to dysregulation in cardiovascular responses to stress (Brown, 
Gallagher & Creaven, 2018).  For instance, loneliness has been previously reported 
to be associated with elevated blood pressure reactivity to stress (Nausheen et al., 
2007; Ong et al., 2012; Steptoe et al., 2004). Exaggerated blood pressure responses 
to stress are associated with the development of hypertension (Carroll et al., 2001; 
Carroll et al., 2003; Matthews et al., 2004; Treiber et al., 2003) and a higher risk of 
CVD (Carroll et al., 2012). Research also suggests that greater loneliness may be 
related to diminish cardiovascular reactivity (CVR). Lonely individuals were 
reported to have a decreased heart rate (HR) response to acute stress compared to 
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non-lonely individuals (Cacioppo et al., 2000). Furthermore, as shown in Study 2 
(Chapter 3), loneliness has also been related to diminished total peripheral resistance 
(TPR) reactivity in younger adults (Brown, Creaven & Gallagher, 2019). Blunted 
patterns of cardiovascular responding are considered to be similarly negative for 
health (Carroll et al., 2017; Ginty et al., 2016; Kupper et al., 2015). 
In terms of older adults, Ong, Rothstein and Uchino (2012) found that 
loneliness predicted increased blood pressure reactivity to stress. Moreover, when 
comparing this relationship in younger and older adults, lonely older adults appeared 
to have the greatest increase in SBP reactivity (Ong, Rothstein & Uchino, 2012). So, 
it is possible that the association between loneliness and CVR could be more 
pronounced in this age group.  Likewise, loneliness has been associated with other 
atypical stress responses in this age group, including both exaggerated inflammation 
and blunted cortisol responding (Hackett, Hamer, Endrighi, Brydon & Steptoe, 
2012). However, although loneliness research has generally focused more on older, 
rather than younger, adults, the overall number of studies examining loneliness and 
CVR in older adults remains relatively low. According to the systematic review 
(Chapter 2), only one study on CVR by Ong, Rothstein & Uchino (2012) included 
individuals above sixty years of age. Given that loneliness is considered a predictor 
of cardiovascular health in older adults, additional research is clearly warranted.  
Furthermore, research is needed on the relationship between loneliness and 
wider haemodynamics (e.g. TPR and cardiac output (CO), which are important 
determinants of cardiovascular functioning including blood pressure levels. Lonely 
individuals have been observed to have higher levels of total peripheral resistance 
compared to non-lonely younger adults (Cacioppo et al., 2002). Increased vascular 
resistance is connected to greater blood pressure, which is a key characteristic of 
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hypertension (Berger & Li, 1990 Julius & Nesbitt, 1996; Lund-Johansen, 1987; 
Schobel & Schmieder 1997) and increases the risk of CVD (Franklin & Olsen, 
2015). Likewise, loneliness was related to greater vascular resistance along with 
lower cardiac output when looking at ambulatory levels during daily life (Hawkley et 
al., 2003). In Study 2, loneliness was found to predict lower vascular reactivity to 
stress in a younger adult sample (see Chapter 3). Therefore, greater loneliness may 
lead to decreased vascular responsivity which may be contributing factor to the 
greater overall levels of TPR observed in lonelier individuals. Additionally, even 
though loneliness has previously been associated with a shorter pre-ejection period 
(Cacioppo et al., 2002), how loneliness associates with ventricular ejection time 
(EJT) has largely gone unexamined. Therefore, how loneliness impacts wider 
haemodynamics could be particularly important in understanding the loneliness-
reactivity relationship. 
In addition, as highlighted in the systematic review (Chapter 2), another 
factor that is of interest here is stressor type, as previous studies have observed 
different results across various stress tasks. For instance, Nausheen and colleagues 
(2007) reported that greater levels of implicit loneliness predicted higher diastolic 
blood pressure responses to an arithmetic task but not to a speech-based stress task. 
Similarly, as demonstrated in the previous chapter (Study 2), greater loneliness was 
associated with lower TPR reactions to a public speaking task but not to arithmetic 
challenge in younger adults. Lonely individuals may become more sensitive to 
socially relevant threats (Bangee et al., 2014; S. Cacioppo et al., 2015; S. Cacioppo 
et al., 2016; Nowland et al., 2018) which would have wider effects on their 
physiological responses to stressors. Previous research suggests that there are 
distinctive patterns of physiological activation depending on the stressor being 
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experienced (e.g., Al'Absi et al. 1997; Bosch et al., 2003; Lovallo, 2005) and the 
context surrounding it (Bosch et al., 2009; Williams, Veldhuijzen van Zanten, 
Trotman, Quinton, & Ginty, 2017); it is possible that the relationship between 
loneliness and CVR may similarly vary based on the features of different types of 
stressors. Given this, the current study will also test in older adults whether 
associations between loneliness and reactivity, vary depending on stressor type.  
Additionally, while loneliness is commonly measured using the 20-item 
UCLA loneliness scale (Russell, 1996), shorter versions are also employed in health 
research including the shortened 3-item of UCLA loneliness scale (Hughes, Waite, 
Hawkley & Cacioppo, 2004); it was originally developed for use in older adult 
surveys. Even though these shorter versions may be more convenient especially for 
larger studies, there may be differences in findings based on these different 
assessments of loneliness. Jorgensen (2018) suggests that some of the inconsistency 
in demonstrating a link between loneliness and cardiovascular outcomes, could 
partially be explained by the numerous different ways that loneliness is assessed 
(particularly the use of various forms of the UCLA loneliness scale). To explore this, 
Jorgensen (2018) proposed comparing findings when loneliness is assessed by the 
shorter 3-item UCLA and the longer 20–item UCLA loneliness scales. As the 
method used to measure loneliness also appears to have some bearing on how it 
relates to CVR as well (e.g., Nausheen et al., 2007), the present study will explore if 
the current results are consistent for both these scales.  
The aim of the present study was to conceptually replicate previous research 
on loneliness and cardiovascular stress reactivity in older adults. This study also 
extends prior work by exploring 1) the underlying haemodynamics of this 
relationship and 2) the potential role of different stressor types. Additionally, it also 
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examined if the findings are consistent across different versions of the UCLA 
loneliness scale.    
Method 
Participants 
Eighty older adults (n = 50 female) were recruited from the local community 
with a mean age of 68.93 (SD = 8.28), ranging between 55 and 88 years of age. They 
had a mean body mass index (BMI) of 28.09 kg/m2 (SD = 4.76). Participants were 
recruited in many different ways including during information session at a number of 
community groups for older adults. They were offered €10 to cover expenses and 
were entered into a draw for a €50 voucher. Consistent with other methodological 
approaches to control for potential confounds (e.g., Gallagher et al., 2015), 
participants refrained from drinking alcohol and vigorously exercising for at least 12 
hours beforehand. They also avoided consuming caffeine and ingesting nicotine for 
at least 2 hours and food for at least 1 hour before participation. Compliance with 
these restrictions was confirmed by a checklist. The study had ethical approval and 
before commencing participants provided written informed consent. Overall, eighty-
one participants were recruited however, one participant was excluded because of 
missing cardiovascular data. In terms of health status, 30% reported having a health 
condition that may affect cardiovascular measures and 3.8% were unsure (1.3% did 
not provide an answer). Likewise, 38.8% reported taking medication that may affect 
cardiovascular outcomes and 2.5% were unsure.   
Apparatus 
A Finometer PRO (FMS, Finapres Medical Systems BV) was utilised to 
measure cardiovascular parameters: systolic blood pressure (SBP), diastolic blood 
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pressure (DBP), mean arterial pressure (MAP), heart rate (HR), cardiac output (CO), 
ventricular ejection time (EJT) and total peripheral resistance (TPR). The Finometer 
accurately records beat-to-beat cardiovascular activity and its use in cardiovascular 
measurement has been previously validated (Guelen et al., 2003; Schutte Huisman, 
Van Rooyen, Malan & Schutte, 2004). BeatScope® Easy (a recording software) was 
used to note the times at which each period began and ended. Weight (kg) and height 
(cm) were measured using an electronic weighing scale and a stadiometer 
respectively. These values were then used to calculate BMI.   
Psychological measures 
As in Study 2 (Chapter 3), loneliness was measured using the UCLA 
Loneliness Scale (Version 3) (Russell, 1996) which consists of 20 items assessing 
how often an individual feels a different aspect of loneliness. Response options are 
on a 4-point Likert scale of 1 = ‘Never’, 2 = ‘Rarely’, 3 = ‘Sometimes’ or 
4 = ‘Often’, with scores ranging from 20–80, with higher scores indicating higher 
loneliness (with some items reversed scored). An example of an item would be ‘how 
often do you feel alone?’. In the current study, its internal reliability was good 
(Cronbach's α = .82). 
 The Three-Item Loneliness Scale (UCLA-3; Hughes, Waite, Hawkley & 
Cacioppo, 2004) was also included as it has previously been used in larger older 
adult samples. This shorter version of UCLA scale was designed for use in large 
telephone-based surveys of loneliness in older adults; however, there is comparably 
little laboratory-based research employing this scale. It includes three questions 
measuring loneliness (1 = ‘Hardly ever’ to 3 = ‘Often’ (3-9), with higher scores 
indicating more loneliness. For example, ‘how often do you feel left out?’ and ‘how 
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often do you feel that you lack companionship?’. The internal reliability of the scale 
was good (Cronbach's α = .83).  
Participants rated how stressed they felt before and after the tasks (0 = ‘Not at 
all’ to 6 = ‘Extremely’). They also rated how stressful they found the individual 
stress tasks (0 = ‘Not at all’ to 6 = ‘Extremely’).  
The present study also controlled for levels of negative affect as they have 
both been previously linked to loneliness (Cacioppo, Hawkley & Thisted, 2010; 
Beutel et al., 2017) and to stress reactivity (Kibler & Ma, 2004; Carroll, Phillips 
Hunt & Der, 2007). Thus, anxiety and depression were measured using the 
respective subscale items adapted from the Patient Health Questionnaire-4 (PHQ-4; 
Kroenke, Spitzer, Williams & Löwe, 2009) using a five item Likert scale (1= 
“Never” to 5= “Very often). For example, ‘how often do you feel not being able to 
stop or control worrying?’ or ‘how often do you feel down, depressed, or hopeless?’.  
Stress tasks 
The stress tasks were same as outlined in Chapter 3. Both stress tasks 
immediately followed each other and were counter-balanced. Visual and audible 
instructions for the tasks were computerized. They both required speaking aloud and 
had an evaluative element (i.e., researcher was sitting nearby). The experimenter was 
still in the room but behind a screen to avoid any distractions.  
Mental Arithmetic. 
The mental arithmetic challenge (6 mins) used the Paced Auditory Serial 
Addition Test (PASAT; Gronwall & Sampson, 1974; Ring et al., 2002). Single digit 
numbers are presented audibly every few seconds and the participant adds these 
numbers together. This involves remembering the preceding number utilised for the 
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last sum and adding this to the next digit heard. A scoring sheet was used by the 
experimenter to record performance. 
Public speaking. 
The structure of the speech task was adapted from the Trier Social Stress Test 
(TSST) (Kirschbaum et al., 1993). There was a public speaking task (7 mins) which 
involved participants preparing and giving an impromptu speech on three good and 
three bad characteristics about themselves, illustrating each one with a relevant 
example.  
Procedure 
Following arrival at a health laboratory, participants gave informed consent. 
Their height and weight were recorded. After being seated, the Finometer cuff was 
placed on the participants’ non-dominated hand. Participants were instructed to use 
their unrestricted hand to complete all tasks. Participants were asked to keep their 
feet as still as possible so as to avoid excessive movement and to avoid speaking 
unless necessary. By completing a questionnaire booklet, participants provided 
socio-demographic information and ratings of loneliness. There was a 20-minute 
acclimatisation period before formal cardiovascular measurement commenced. 
After acclimatisation, there was a formal baseline lasting 10 min. Participants 
then answered a pre-task questionnaire before the stress tasks started. Following the 
stress tasks, participants answered a questionnaire providing post-task ratings. 
Following a recovery period, cardiovascular monitoring ceased and participants were 
debriefed. 
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Statistical analysis 
All statistical analyses were conducted using IBM SPSS version 24. Paired-
samples t-tests were employed to confirm the effectiveness of the stress tasks in 
eliciting a stress response. Multilevel mixed linear models were used to examine the 
relationship between loneliness and the cardiovascular indices during the different 
phases. For level 1, the three phases (baseline, public speaking task, and arithmetic 
challenge) were the repeated measures for each individual cardiovascular measure. 
For level 2, this was the individual participant and loneliness was the predictor. 
Loneliness was grand-mean centred (see Kreft et al., 1995). Again, at level 2, BMI, 
sex, age, depression, anxiety and task order were entered as covariates. The -2 log 
likelihood (-2LL) was used to determine goodness of fit.  
To further examine if loneliness was associated with reactivity, regressions 
and change scores were used. An individual was missing data for one of the 
depression items (0.006% of the overall depression data), so the overall mean of this 




The average loneliness score on the 20-item UCLA was 34.20 (SD = 7.79) 
ranging from 22 to 62. This was comparable to previous reactivity studies using the 
UCLA with older adults (e.g., Ong et al., 2012). The average loneliness score on the 
3-item UCLA was 3.83 (SD = 1.46) ranging from 3 to 9. This is also comparable to 
previous older adult samples (e.g. Hughes, Waite, Hawkley & Cacioppo, 2004). The 
stress tasks successfully elicited a significant physiological reaction (see Table 1).  
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There was a significant difference in how stressed participants reported feeling 
before the stress tasks (M = 0.81, SD = 1.12) and afterwards (M = 3.86, SD = 1.99) 
(MD = 3.05, SD = 2.00; t (79) = 13.64, p < .001). There was also a significant 
difference in perceived stressfulness of the arithmetic task (M = 4.81, SD = 1.48) and 
speech task (M = 4.33, SD = 1.83) with participants reporting the maths as more 
stressful (MD = 0.49 SD =1.6; t (79) = 2.73, p = .008).  
 
Table 1.  Results of manipulation checks for stress tasks (N = 80) 
Note: SBP=systolic blood pressure (mmHg); DBP=diastolic blood pressure (mmHg); MAP= mean 
arterial pressure; HR=heart rate (bpm); CO=cardiac output (litres per minute); TPR=total 
peripheral resistance (peripheral resistance units), EJT = ejection time. 
 
The 20-item UCLA loneliness scale 
Cardiovascular activity  
To examine the relationship between loneliness (20-item UCLA) and 
cardiovascular parameters during the various phases while taking the hierarchical 
  Baseline   Speech Task Speech difference  
from baseline 
 Maths Task  Maths difference          
from baseline 
 M (SD)            M (SD)       M (SD)  
SBP 150.10(18.67) 175.44(12.71) t (79) = 16.41 p <.001 172.77(20.67) t (79) = 14.34 p <.001 
DBP 81.89(12.72) 93.64(14.45) t (79) = 15.47 p <.001 91.83(14.48) t (79) = 13.88 p <.001 
MAP 107.34(13.77) 125.09(15.76) t (79) = 17.02 p <.001 122.98(16.31) t (79) = 15.22 p <.001 
HR 70.26(11.66) 75.40(13.13) t (79) = 7.30 p <.001 73.82(12.78) t (79) = 5.77 p <.001 
CO 3.77(1.27) 3.99(1.69) t (79) = 3.84 p <.001 4.03(1.49) t (79) = 4.19 p <.001 
EJT 0.305(0.02) 0.308(0.03) t (79) = 2.13 p =.037 0.311(0.03) t (79) = 5.07 p =.003 
TPR 1.99(0.88) 2.28(1.16) t (79) =5.72 p <.001 2.22(1.15) t (79) = 4.58 p <.001 
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nature of the data into account, a series of two-level linear mixed models were 
carried out.   
For TPR, the model with the intercept and slopes varied demonstrated the 
best fit (VAR (u1j) = 0.004, χ2 (1) = 5.10, p < .05). There was significant main effect 
of phase (F (2, 98.34) = 18.29, p < .001). There was also significant main effect of 
loneliness (F (1, 60.21) = 8.23, p = .006) on TPR, such that higher loneliness 
predicted increased TPR overall (b = .05, t (63.74) = 2.96, p = .004). This was 
followed up with individual regressions again controlling for the same variables. 
Loneliness predicted higher TPR at baseline (β = .30, t (79) = 2.66, p = .01), and 
during both the speech task (β = .34, t (79) = 2.88, p = .005) and mental arithmetic 
challenge (β = .34, t (79) = 2.98, p = .004). There was no significant interaction 
between loneliness and phase for TPR (F (2, 98.39) = .57, p = .57). 
For EJT, the model with only the intercept varied was the best fit (VAR 
(u0j) =. 0004, χ2 (1) = 255.31, p < .001). There was significant main effect of phase 
(F (2, 95.48) = 15.39, p < .001). There was also significant main effect of loneliness 
on EJT (F (1, 80.21) = 6.46, p = .013), such that greater loneliness predicted lower 
EJT (b = -.001, t (88.33) = -2.41, p = .018). This was followed up with individual 
regressions again controlling for the same variables. Loneliness predicted lower EJT 
at baseline (β = -.33, t (79) = -2.42 p = .018), and during both the speech task (β = -
.34, t (79) = -2.33, p = .023) and mental arithmetic challenge (β = -.34, t (79) = -2.38, 
p = .020). There was not significant interaction between loneliness and phase for EJT 
(F (2, 95.48) = .42, p = .96). 
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For SBP, DBP, MAP, HR and CO, the main effect of loneliness or its 
interaction with phase were not significant (ps >.05). There was a significant main 
effect of phase for all these cardiovascular parameters (is <.001) 
Cardiovascular reactivity  
Using regressions and change scores, loneliness as measured by the 20-item 
UCLA scale was not associated with CVR for any of the included parameters (ps 
>.05), in simple or adjusted models. Loneliness did not significantly predict 
psychological stress reactivity either (β = .16, t (79) = 1.46, p = .15). Additionally, 
there was no significant association between loneliness and stressfulness appraisals 
of the mental arithmetic task (β = .17, p = .13) or the public speaking task (β = .16, 
p =.19). 
The 3-item UCLA loneliness scale  
To test if these findings would be replicated when using a shorter version of 
the same scale, the same analysis was rerun but using the loneliness score from the 
3-item UCLA loneliness scale.  
Cardiovascular activity  
To examine the relationship between loneliness (3-item UCLA) and the 
cardiovascular parameters during the various phases while taking the hierarchical 
nature of the data into account, a series of two-level linear mixed models were 
carried out.  The levels were the same as above but using the loneliness score from 
the 3-item UCLA as the predictor. BMI, sex, age, depression, anxiety and task order 
were entered as covariates. 
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For SBP, there was significant variance in intercepts (VAR (u0j) = 333.78, χ2 
(1) = 181.74, p < .001) suggesting that the relationship between loneliness and SBP 
varied across participants. This model showed the best fit. There was significant 
main effect of phase (F (2, 96.54) = 156.29, p < .001) but there was no main effect of 
loneliness on SBP (F (1, 78.84) = 0.43, p = .51). However, unlike for the 20-item 
scale, there was a significant interaction between loneliness and phase, (F (2, 
96.54) = 3.54 , p = .033), such that higher loneliness was significantly related to 
lower SBP during the speech task relative to the baseline (b = -2.141, t (85.71) = -
2.09, p = .039) and to the maths task (b =  -1.85, t (67.36) = -2.31, p = .024). There 
was no significant difference based on level of loneliness for the maths task relative 
to the baseline (b = .292, t (96.34) = .28, p = .79). 
For TPR, the model with the intercept and slopes varied demonstrated the 
best fit (VAR (u1j) = .126, χ2 (1) = 9.81, p < .05). There was significant main effect 
of phase (F (2, 97.89) = 18.40, p < .001). Consistent with the findings for the 20-
item scale, there was a significant main effect of loneliness (F (1, 36.56) = 11.93, 
p = .001) on TPR, such that higher loneliness predicted increased TPR overall 
(b = .34, t (38.37) = 3.52, p = .001). There was no significant interaction between 
loneliness and phase (F (1, 97.89) = 1.27, p = .29). Using individual regressions, 
loneliness again significantly predicted increased TPR at baseline and during the task 
(ps <. 05).  
For the rest of cardiovascular parameters (DBP, MAP, HR, CO and EJT), the 
main effect of loneliness and its interaction were not significant (ps >.05). There was 
a significant main effect of phase for all these cardiovascular parameters (ps <.001) 
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Cardiovascular reactivity  
Using regressions and change scores, in the simple model, loneliness as 
measured by the 3-item UCLA scale predicted lower SBP (β = -.266, p = .044) and 
lower CO (β = -.24, p = .032) to the speech task. However, these became non-
significant when all the control variables were adjusted for (ps >. 05). As with the 
20-item, loneliness did not significantly predict psychological stress reactivity or 
stress appraisals of both tasks (p >. 05).   
Discussion 
Loneliness has been associated with CVR in older adults. This study 
examined if previous findings could be replicated in a sample of older adults, 
advancing previous research by evaluating the underlying haemodynamic 
determinants of blood pressure and by comparing responses to different stressors. 
This study also tested if the findings would be consistent based on the version of 
UCLA loneliness scale used to asses loneliness. Our findings suggest a potential 
connection between loneliness and atypical CVR. Greater loneliness was associated 
with a lower SBP response to a public speaking stress task but not to a mental 
arithmetic task. Therefore, suggesting that this relationship may be impacted by 
stressor type (as was the case for younger adults in Study 2 (see Chapter 3). 
However, this was dependent on version of the measure used to assess loneliness.   
The initial analysis with the 20-item UCLA did not provide support for an 
association between increased feeling of loneliness and cardiovascular responses to 
stress in older adults. There were no significant differences in the magnitude of 
cardiovascular changes based on loneliness. This is not consistent with past research 
which has reported that loneliness predicts exaggerated systolic blood pressure 
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responses to stress in older adults (Ong et al., 2012). It is possible this could be due 
to methodology differences between the studies. For instance, Ong et al. (2012) used 
a more overt form of social evaluation, with the experimenter acting in such a way as 
to signal to the participant they were performing poorly. Previous studies have 
demonstrated that differences in the type of social evaluation can have a meaningful 
impact on physiological stress responses (Dickerson, Mycek, & Zaldiva, 2008; 
Bosch et al. 2009). For instance, Bosch and colleagues (2009) found that a larger 
audience elicited a greater change in HR. Therefore, in a similar way, the use of a 
more explicit and intentionally negative form of social evaluation may have elicited 
a slightly different kind of cardiovascular response than in the current study.  
However, when looking at the UCLA 3-item loneliness scale, there was a 
significant negative relationship between loneliness and blood pressure reactivity, 
such that increased loneliness predicted a decreased SBP response to the speech-
based task. Previously, in Study 2, increased loneliness predicted diminished TPR 
reactivity to the same speech task in younger adults. Blunted cardiovascular 
responses to acute stress have been linked to negative cardiovascular outcomes as 
well (Ginty et al., 2016; Kupper et al., 2015) and may be a marker of physiological 
dysregulation (Carroll et al., 2017; Phillips, Ginty & Hughes, 2013). Interestingly, 
like in Study 2, increased loneliness predicted lower cardiovascular responses to the 
more socially oriented public speaking stressor compared to the mental arithmetic 
challenge, further suggesting that this relationship is affected by the type of stressors 
encountered. Lonely individuals may respond differently to more socially relevant 
threats (Cacioppo & Hawkley, 2009; Bangee et al., 2014; S.Cacioppo et al., 2015; 
S.Cacioppo et al., 2016). Further, it is possible that the potential effects of loneliness 
on stress responsivity may not be apparent unless specific physiological pathways 
Chapter 4. Loneliness & CVR in Older Adults 
128 
are activated by the stressor. These findings need to be interpreted cautiously though 
considering that they were not observed for both loneliness measures. Interestingly 
Nausheen et al., (2007) also reported discrepancies in findings based on how 
loneliness had been measured.  
Regardless of the version of the UCLA loneliness scale, greater levels of 
loneliness significantly predicted increased overall levels of TPR in older adults, 
including at baseline and during the stressors. This remained significant when 
controlling for a number of potential confounders including age. Previously, lonely 
younger adults were found to have elevated levels of TPR compared to non-lonely 
individuals (Cacioppo et al., 2002; Hawkley et al., 2003). This is interesting as our 
findings suggest that this may be a physiological outcome of greater loneliness. 
Higher peripheral vascular resistance increases the likelihood of CVD (Franklin & 
Oslen, 2015). Furthermore, elevations in vascular resistance may signal the 
development and the progression of hypertension (Marrero, al'Absi, Pincomb & 
Lovallo, 2000). Additionally, loneliness has been previously associated with 
reduction in TPR reactivity in young adults (Brown, Creaven & Gallagher, 2019). 
Considering that loneliness has been linked to hypertension (Momtaz et al., 2012), 
this remodelling of the cardiovascular system could be one way by which loneliness 
can impact cardiovascular health. Similarly, higher loneliness was significantly 
related to shorter EJT, however only when using the score from the full 20-item 
UCLA loneliness scale. This is of interest considering that shorter ventricular EJT is 
also associated with an increased risk of cardiovascular events (Biering-Sørensen et 
al. 2018). More work is needed to better understand the physiologic significance of 
potential changes in haemodynamics in lonely individuals, particularly in terms of 
vascular resistance.  
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In contrast to previous studies (e.g., Hawkley et al., 2006; Hawkley et al. 
2010; Ong et al. 2012), loneliness was unrelated to overall resting blood pressure. In 
addition, as observed in Study 2, loneliness was not associated with subjective 
measures of stress including psychological reactivity and this is in line with the 
findings of other previous studies (e.g., Steptoe et al., 2004). While lonely 
individuals have been reported to perceive events as more stressful compared to non-
lonely individuals (Hawkley et al., 2003), this suggests that level of loneliness is 
unrelated to changes in subjective feelings of stress in response to stress exposure.  
Considering that some of the findings were dependent on the form which the 
UCLA scale took, this highlights a potentially important issue surrounding the 
measurement of loneliness. While conceptualized as a unidimensional construct, a 
number of factor analyses of the 20-item UCLA loneliness scale have suggested the 
possibility that it consists of between two or more different dimensions (Ong, 
Uchino & Wethington, 2016; Shevlin, Murphy & Murphy, 2014). Interestingly, 
according to the three-dimension approach (isolation, relational connectedness and 
collective connectedness) by Hawkley, Browne and Cacioppo (2005), all three items 
included in UCLA 3-item loneliness scale (Hughes, Waite, Hawkley & Cacioppo, 
2004) are a part of the same perceived isolation factor which focuses on feelings of 
aloneness. As such, this specific dimension of loneliness may be particularly relevant 
for understanding any connections to atypical stress reactivity, while the other 
aspects may be more strongly related to other indirect pathways such as negative 
health behaviours (e.g., Dyal & Valente, 2015). Moreover, this suggests that while 
advantageous in terms of being less demanding and time consuming, the UCLA 3-
item may not be equivalent to the longer 20-item UCLA loneliness scale for use in 
lab-based studies with older adults. Therefore, due consideration should be given to 
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which loneliness measure is selected when designing future studies particularly those 
focusing on stress reactivity. 
One of the limitations of the current study is that it was cross-sectional in 
nature meaning any inferences about causality are impeded. However, this study 
does provide more insight into how loneliness relates to CVR and could help to 
inform any future longitudinal studies that may attempt to examine this relationship 
over a longer period of time. The extent to which these findings can generalise to 
other situations remains unclear. However, Hawkley and colleagues (2003) did 
observe similar findings in terms of loneliness predicting higher TPR when 
ambulatory measurement were utilised. The sample size of this study was also 
relatively small. However, despite these limitations this study is strengthened by the 
use of more comprehensive cardiovascular measurement than most prior research. 
Additionally, it also compared the relationship between loneliness and CVR across 
two different stress types and two different ways of measuring loneliness. Given that 
the social orientation of the stressor appears to be important to the relationship 
between loneliness and CVR, it may be worthwhile investigating this further by 
comparing responses to variety of social and asocial stress tasks. 
Conclusion   
Loneliness remains a potentially serious public health issue for older adults. 
Greater loneliness was associated with decreased SBP however, this was dependent 
on how loneliness was assessed. Additionally, when loneliness was related to SBP, it 
was in response to a public speaking stress task but not in response to a mental 
arithmetic challenge. This suggests that the type of stressor may have a role in how 
loneliness relates to cardiovascular responses to stress. Loneliness was related to 
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greater levels of TPR as well, suggesting that loneliness may be linked to changes in 
wider haemodynamic functioning. The current research adds to our knowledge 
around ways in which loneliness may influence health in older adults. It also 
highlights a number of important methodological issues that merit consideration in 
research investigating the association between loneliness and cardiovascular 
responses to stress in the future.   
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Chapter 5: Study 4 
 
Comparing Cardiovascular Reactivity in Younger and Older 








Aims: The purpose of this study was to examine if loneliness is associated with age-
related differences in cardiovascular reactivity (CVR) to stress.  
Method: Pooling data from the previous studies, eighty older adults and eighty 
younger adults had their level of loneliness assessed and took part in a stress testing 
protocol, involving public speaking and arithmetic challenge-based stress tasks. 
Cardiovascular functioning was monitored continuously throughout.  
Results: Greater loneliness was observed to be related to higher HR reactivity in 
younger adults but lower HR reactivity in older adults. Across the combined sample, 
higher loneliness was significantly associated with a decreased SBP response to the 
speech task. Additionally, levels of loneliness were not significantly greater in older 
adults than younger adults. 
Conclusion: While previous findings regarding the association between loneliness 
and age-related differences in CVR were not replicated here, loneliness was found to   
relate differently to CVR in younger and older adults. In addition, the current 
findings provide further support for an association between loneliness and 
cardiovascular functioning. Findings are discussed in relation to theoretical and 
methodological advancements.  
 Keywords:  Loneliness; Stress; Cardiovascular reactivity; Older Adults;  
Younger adults  
Chapter 5. Loneliness & CVR in Younger and Older Adults 
145 
The previous chapters investigated the association between loneliness and 
CVR in specific age groups. However, differences in CVR to stress have been 
observed between younger and older adults. To examine these CVR differences and 
explore if they are related to loneliness, the samples from Study 2 (younger adults) 
and Study 3 (older adults) were combined. This also provided an opportunity to 
examine similar questions including age differences between younger and older 
adults in feelings of loneliness.    
Age-related differences in cardiovascular functioning are well-documented 
and are considered an outcome of the aging process. Older adults have previously 
been observed to have greater blood pressure reactivity to stress compared to 
younger adults (Hogan et al., 2012; Ong et al. 2012; Uchino, Birmingham, & Berg, 
2010; Uchino, Uno, Holt-Lunstad & Flinders, 1999). For example, Hogan and 
colleagues (2012) reported that older adults had both higher baseline blood pressure 
and greater CVR than younger adults. This is important as exaggerated reactivity to 
psychological stress is linked to increased risk of hypertension and cardiovascular 
diseases (Carroll et al., 2001; Carroll et al., 2012). However, others have suggested 
that in some situations, older adults may be less physiological reactive than younger 
adults (e.g., in response to emotional stimuli) (Tsai, Levenson & Carstensen, 2000). 
For instance, in their meta-analysis looking at age differences in CVR reactivity, 
Uchino, Birmingham and Berg (2010) observed that age was related to increased 
systolic blood pressure (SBP) reactivity but lower HR reactivity. Therefore, it 
remains to be determined if reactivity is increased across all cardiovascular 
parameters in older age or if in some cases responsivity diminishes.      
Furthermore, it has been suggested that loneliness may contribute to these 
age-related differences in cardiovascular functioning (Cacioppo et al. 2002; Hawkley 
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et al., 2006; Ong et al., 2012). Prior research supports a connection between 
loneliness and increased blood pressure over time (Hawkley et al., 2006; Hawkley et 
al., 2010). This relationship appears to be impacted by age such that it is stronger for 
older individuals (Cacioppo et al. 2002; Hawkley et al., 2006; Hawkley et al., 2010). 
While loneliness has previously been associated with atypical cardiovascular 
reactivity (CVR) (Brown, Creaven, & Gallagher, 2019; Nausheen et al., 2007; Ong 
et al., 2012; Steptoe et al. 2004), there has been comparatively less research on how 
loneliness relates to age differences in CVR. In one study, Ong and colleagues 
(2012) reported that age differences in SBP between younger and older adults were 
greater in individuals who were lonely compared to non-lonely individuals. This 
suggest that loneliness is associated with age group differences in CVR, however 
research is limited as there are very few studies that have examined this association. 
Therefore, further research is necessary to better understand how age differences in 
cardiovascular functioning are related to loneliness, particularly in terms of 
cardiovascular responding to acute psychological stress.  
Similarly, older adults are often perceived as being lonelier then younger 
adults, however more recently it has been argued that this is not the case. In fact, 
loneliness can be experienced at any age (Luhman & Hawkley, 2016). Though older 
adults are portrayed as being more prone to loneliness than any other age group, 
research suggests that levels of loneliness may follow a nonlinear U-shaped 
distribution across age groups with younger adults have equivalently high levels 
(Lasgaard Friis & Shevlin, 2016; Luhman & Hawkley, 2016; Victor & Yang, 2012). 
Therefore, to explore this further, this study compared levels of loneliness between a 
group of older and younger adults.  
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In summary, this study sought to compare how loneliness relates to CVR to 
acute stress in both older and younger adults. In addition, to examining if previous 
results were replicated, it was expected that loneliness would be associated with 
differences in CVR between the two age groups. Furthermore, this study explored if 
there were differences between the two age groups in terms of levels of reported 
loneliness. Given that previous research suggests that both younger and older adults 
have similarly high levels of loneliness, we anticipated no difference in overall levels 
of reported loneliness between these two age groups.  
Method 
Participants  
The sample for the current study consisted of the participants recruited for 
Study 2 and Study 3. Therefore, the participants included 80 older adults ranging in 
age from 55 to 88 years (M = 68.93, SD = 8.28) recruited from the local community 
and 88 younger adults ageing from 18 to 32 years (M = 20.77, SD = 2.18) recruited 
from a local university. All participants refrained from drinking alcohol and 
vigorously exercising for at least 12 hrs, consuming caffeine or nicotine for at least 2 
hrs and eating for at least 1 hr beforehand. This is necessary to limit the impact of 
these behaviours on cardiovascular parameters. To ensure this, compliance was 
established through a checklist. Ethical approval was acquired and each participant 
provided written informed consent before participation. 
Physiological measurement  
Systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial 
pressure (MAP), heart rate (HR), cardiac output (CO), ejection time (EJT) and total 
peripheral resistance (TPR) were all recorded continuously by a Finometer PRO 
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(FMS, Finapres Medical Systems BV). The recording software BeatScope® Easy 
was used to record the timings of each phase. BMI was calculated from weight (kg) 
and height (cm) which were measured by a weighing scale and by a tape measure or 
stadiometer respectively. 
Psychological measures 
Loneliness was assessed in both groups using the UCLA Loneliness Scale 
(Version 3) (Russell, 1996) which is made up of 20 items measuring how often an 
individual reports feeling a different aspects of loneliness. Each item is assessed on a 
4-point Likert scale with 1 = ‘Never’, 2 = ‘Rarely’, 3 = ‘Sometimes’ or 4 = ‘Often’ as 
response options, with a possible score ranging from 20 to 80, and higher scores 
indicating greater loneliness. Some of the items require reversing.  
Stress tasks  
 The public speaking task (7 mins) involved preparing and giving an 
impromptu speech about your good and bad personal characteristics, giving three in 
each case with a relevant example for each one (adapted from the Trier Social Stress 
Test (TSST) (Kirschbaum et al., 1993). The second task was a mental arithmetic 
challenge (6 mins) using the Paced Auditory Serial Addition Test (PASAT; 
Gronwall & Sampson, 1974; Ring et al., 2002). The order of the stress tasks was 
counterbalanced and they immediately followed each other. This study uses the same 
speech task and maths task as described in Study 2 and Study 3 earlier. For more 
details please refer to the stress task sections of these studies.  
Procedure  
The procedure is the same as outlined in Study 2 and Study 3. In a health 
laboratory, participants answered a series of questionnaires. After an acclimatisation 
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period (20 mins), participants underwent cardiovascular monitoring during a baseline 
period (10 mins) followed by two stress tasks; a public speaking task (7 mins) and an 
arithmetic task (6 mins). After a recovery period, cardiovascular monitoring 
concluded. Participants were then fully debriefed. For more details please refer to the 
procedure section of the previous studies.  
Statistical Analysis   
Paired-samples t-tests were employed to confirm the effectiveness of the 
stress tasks in eliciting a stress response. An independent t-test was conducted to test 
if there was difference in loneliness by age group. Separately, regressions were used 
to test if age predicted loneliness within the two age groups.  
To examine if there was any interaction between loneliness and age group on 
cardiovascular activity for each of the cardiovascular parameters, a series of 2 (age: 
old, young) × 3 (phase: baseline, speech, maths) × 1 (loneliness) mixed ANCOVA 
were conducted, while controlling for sex, BMI and task order.  Next, multilevel 
mixed linear models were used to further examine the relationship between age 
group, loneliness and cardiovascular activity indices across the different phases 
while accounting for the hierarchal nature of the data. For level 1, the three phases 
were the repeated measures for each individual cardiovascular measure. The 
individual participant was level 2, with age group and loneliness as the predictors as 
the same level. Loneliness was centred using the grand-mean (see Kreft et al., 1995). 
Again, at level 2, sex, BMI and task order were entered as covariates. The -2 log 
likelihood (-2LL) was used to determine goodness of fit. 
Following this, cardiovascular reactivity was calculated as the difference 
between the average cardiovascular levels during each of the stress task and the 
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baseline. Next, a series of 2 (age: old, young) × 2 (task reactivity: speech, maths) × 1 
(loneliness) × 1 (baseline level) mixed ANCOVA were conducted to examine if 
there was any interaction between loneliness and age group on CVR for each of the 
measures while adjusting for initial baseline levels. Sex, BMI and task order were 
also controlled for.  
The sphericity assumption was tested using Mauchley (W) tests and where 
this assumption was not met Greenhouse Geisser corrections were used to adjust the 
degrees of freedom. Partial η2 was the effect size reported for the mixed ANCOVAs. 
All statistical analyses were conducted using IBM SPSS version 25. 
Results 
Descriptive Statistics 
Overall, for the whole sample the average loneliness score was 35.02 
(SD = 9.26) ranging from 20 to 67. The mean loneliness score for older adults was 
34.20 (SD = 7.79) ranging from 22 to 62 and the mean loneliness score for younger 
adults was 35.77 (SD = 10.40) ranging from 20 to 67. The descriptive statistics for 
each of the cardiovascular measures and for both the older and younger adults are 
included in Table 1. The stress tasks were successful in eliciting a significant 
physiological stress response (see Table 1). Additionally, there was significant 
difference in BMI between age groups, such that older adults (M = 28.09, SD = 4.76) 
had a significantly higher average BMI than the younger adults (M = 23.15, 
SD = 3.54) (MD = 4.94, t (145.11) = 7.68, p < .001). Overall, there were no sex 
differences in loneliness scores between male (M = 35.76, SD = 9.22) and female 
(M = 34.62, SD = 9.29) participants (MD = 1.14, t (166) = 7.60, p = .45).  
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         Table 1.  Descriptive statistics and results of manipulation checks for stress tasks (N = 168) 
Note: o=older adults, y =younger adults; SBP=systolic blood pressure (mmHg); DBP=diastolic blood pressure (mmHg); MAP= Mean Arterial Pressure; 
HR=heart rate (bpm); CO=cardiac output (litres per minute); TPR=total peripheral resistance (peripheral resistance units), EJT = Ejection time.
 Baseline Maths Task Maths difference                 
from baseline 
Speech Task  Speech difference             
from baseline 
 M (SD) M (SD)  M (SD)  
SBP 137.58 (20.55) 
150.10 (18.67)o  126.19 (14.78)y 
157.75 (24.89) 
172.77 (20.66)o  144.10 (20.14)y 
t (167) = 19.35  p < .001 
159.89 (25.15) 
175.44 (21.39)o  145.74 (19.32)y 
t (167) = 21.49  p < .001 
DBP 79.64 (12.29) 
81.89 (12.72)o  77.60 (11.59)y 
90.66 (14.47) 
91.83 (14.48)o  89.60 (14.47)y 
t (167) = 19.39  p < .001 
92.25 (14.17) 
93.64 (14.45)o  90.99 (13.86)y 
t (167) = 22.08  p < .001 
MAP 101.95 (13.89) 
107.34 (13.77)o  97.05 (12.14)y 
117.43 (17.28) 
122.98 (16.31)o  112.38 (16.65)y 
t (167) = 21.05  p < .001 
119.07 (17.07) 
125.09 (16.51)o  113.61 (15.76)y 
t (167) = 23.23  p < .001 
HR 74.93 (12.42) 
70.26 (11.66)o  79.18 (11.59)y 
78.10 (13.56) 
73.82 (12.78)o  81.99 (13.14)y 
t (167) = 6.98  p < .001 
79.93 (13.74) 
75.40 (13.13)o  84.04 (13.03)y 
t (167) = 10.63  p < .001 
CO 4.81 (1.68) 
3.77 (1.27)o  5.75(1.43)y 
5.05 (1.81) 
4.03 (1.49)o  5.98 (1.58)y 
t (167) = 4.31  p < .001 
5.03 (1.87) 
3.99 (1.46)o  5.98 (1.69)y 
t (167) = 4.28   p < .001 
EJT .296 (0.02) 
.305 (0.02)o  .288 (0.02)y 
.30 (0.03) 
.311 (0.02)o  .289 (0.02)y 
t (167) = 4.28   p < .001 
.296 (0.03) 
.308 (0.03)o  .285 (.02)y 
t (167) = 0.00   p = 1 
TPR 1.55 (0.87) 
1.99 (0.88)o  1.15 (0.65)y 
1.74 (1.06) 
2.22 (1.15)o  1.31 (0.74)y 
t (167) = 6.77   p < .001 
1.78 (1.04) 
2.28 (1.16)o  1.32 (0.65)y 
t (167) = 7.70  p < .001 
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There were also no sex differences in loneliness for the younger adults, (p = .43) and 
for the older adults (p = .11). 
Age group differences in baseline Cardiovascular Activity 
Older adults had significantly higher baseline SBP (MD = 23.92, t (166) = 
9.25, p < .001), DBP (MD = 4.30, t (166) = 2.29, p = .023), MAP (MD = 10.29, t 
(166) = 5.15, p < .001), TPR (MD = .84, t (144.05) = 6.95, p < .001) and EJT (MD = 
.017, t (152) = 5.14, p < .001) compared to younger adults. However, older adults 
had significantly lower baseline HR (MD = -8.92, t (166) = -4.97, p < .001) and CO 
(MD = -1.98, t (166) =-9.45, p < .001) than the younger adults (see Table 1 above for 
full descriptive statistics).  
Age Group Differences in Loneliness  
While the older adults reported lower levels of loneliness (M = 34.20, SD = 
7.87), this was not significantly different to the levels reported by the younger adults 
(M = 35.77, SD = 10.40) (MD = -1.57, t (160.27) = -1.12, p = .27).4 When looking at 
the groups individually, age significantly predicted loneliness within the older adults 
(β = .24, t (79) = 2.16, p = .034) (R2 = 0.056, F (1, 79)  = 4.65, p = .034), such that as 
age increased so did loneliness. Age did not significantly predict loneliness within 
the younger adults (β = -.02, p = .85). 5 Notably though, the standard deviation for 
age in the older adults (SD = 8.28) was higher than in the younger adults (SD = 
2.18). 
                                                          
4 When using the 3-item UCLA, the older adults (M = 3.83, SD = 1.46) had significantly 
lower loneliness compared to the younger adults (M =4.49, SD = 1.50) (MD = -.66, t 
(166) = -2.90, p = .004).4 
5Looking at the 3-item UCLA, greater age significantly predicted increased loneliness 
within older adults (β = .26, t (79) = 2.36, p = .021) (R2 = 0.067, F (1, 79) = 5.58, 
p = .021) but not in younger adults (β = .03, p = .79) 
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Loneliness & Age Group Differences in Cardiovascular Activity  
In order to examine if loneliness is associated with differences between the 
age groups in cardiovascular activity across the baseline and the two stress tasks, a 
series of mixed ANCOVAs were conducted while controlling for sex, BMI & task 
order (for a full summary of the of the results see Table 2 and Table 3). 
 There was significant within-subjects main effect of phase × age group × 
loneliness for HR (F (2, 324) = 48.01, p = .035, partial η2 = .021). For TPR, there 
was a significant between-subjects main effect of loneliness (F (1, 161) = 5.85, p = 
.017, partial η2 = .035) (see Figure 6), with greater loneliness significantly associated 
with higher overall TPR levels. There were also significant between-subjects effect 
of age group on overall levels of SBP (F (1, 162) = 4.14, p = .043, partial η2 = .025) 
and CO (F (1, 162) = 10.73, p = .001 partial η2 = .062). 
 
Figure 1 
For illustrative purposes only, mean TPR across each of the phases for low (n = 62), 
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Table 2.  Summary of the within subjects effects for loneliness & age group differences in cardiovascular activity 
Within subjects effects 
 Phase Age Loneliness Age*Loneliness 
SBP F (2,322) = 15.37, p <.001** 
 partial η2 = .087 
F (2,322) = 1.61, p = .20 
 partial η2 = .010 
F (2,322) = 2.20, p =.11 
partial η2 = .010 
F (2,322) = 1.89, p = .15 
partial η2 = .012 
DBP F (2,322) = 18.20, p <.001**   
partial η2 = .102 
F (2,322) = 0.92, p =.40 
partial η2 = .006 
F (2,322) = 1.70, p = .19  
partial η2 = .010 
F (2,322) = .78, p = .46  
partial η2 = .005 
MAP F (2,322) = 19.37, p <.001** 
 partial η2 = .107 
F (2,322) = 1.00, p = .37 
partial η2 = .006 
F (2,322) = 2.06, p =.13 
partial η2 = .013 
F (2,322) =1.18, p = .310  
partial η2 = .007 
HR F (2,322) = 6.42, p =.002** 
 partial η2 =.038 
F (2,322) = 4.53, p = .012** 
partial η2 = .027 
F (2,322) = 0.52, p =.60  
partial η2 = .003 
F (2,322) = 3.39 p = .035** 
partial η2 = .021 
CO F (2,322) = 0.75, p = .47  
partial η2 = .005. 
F (2,322) = 0.29, p = .75 
partial η2 =.002 
F (2,322) = 0.19, p =.82   
partial η2 = .001 
F (2,322) = 0.73, p =.48 
partial η2 = .005 
EJT F (2,322) = 0.32, p = .73  
partial η2 = .002 
F (2,322) = 0.48, p = .48  
partial η2 = .005 
F (2,322) = 0.42 p =.66  
partial η2 = .003 
F (2,322) = 0.14, p = .87  
partial η2 = .001 
TPR F (2,322) = 6.59, p = .002**  
partial η2 = .039 
F (2,322) = 0.12, p = .88 
partial η2 = .001. 
F (2,322) = 0.40, p =.67  
partial η2 = .002 
F (2,322) =1.38, p = .25  
partial η2 = .008 
Note: * = p<.05, ** = p<.001;SBP=systolic blood pressure (mmHg); DBP=diastolic blood pressure (mmHg); HR=heart rate (bpm); CO=cardiac output (litres per 
minute); TPR=total peripheral resistance (peripheral resistance units; EJT= (Ejection time). 
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Table 3. Summary of the between subjects effects for loneliness & age group differences in cardiovascular activity  
  Between subjects effects  
Age Pairwise comparison for age Loneliness Age* Loneliness 
SBP 
F (1, 161) = 4.37, p = .038** 
partial η2 = .026 
MD = 29.05, SE =3.26, p <.001** 
(M = 167.00, SE =2.20)o 
(M =137.95, SE = 2.09)y 
F (1, 161) = 0.08 p = .77 
partial η2 = .001 
F (1, 161) = 0.14, p = .71, 
partial η2 = .001 
DBP 
F (1, 161) = 0.34, p = .56 
partial η2 = .002 
MD = 3.54, SE = 2.37, p =.14 
(M = 89.36, SE = 1.61)o 
(M = 85.82, SE = 1.52)y 
F (1, 161) = 0.23, p = .63 
partial η2 = 001 
F (1, 161) = 0.03, p = 86 
partial η2  < .001 
MAP 
F (1, 161) = 1.77, p = .19 
partial η2 = .011 
MD = 12.19, SE =2.62, p < .001 
(M =119.20, SE =1.78)o, 
(M = 107.01, SE = 1.68)y 
F (1, 161) = 0.10, p = .75 
partial η2 = .001 
F (1, 161) = 0.003, p = .96 
partial η2 < .001 
HR 
F (1, 161) = 0.42, p = .52 
partial η2 = .003 
MD = -8.80, SE = 2.15, p < .001 
(M = 72.89, SE = 1.46)o, 
(M =81.69, SE = 1.38)y 
F (1, 161) = .11, p =.74 
partial η2 = .001 
F (1, 161) = 3.37, p = .068 
partial η2 = .021 
CO 
F (1, 161) = 9.30, p = .003 
partial η2 = .055 
MD = -2.79, SE = .21, p <.001 
(M = 3.50, SE = .15)o 
(M = 6.29, SE = .14)y 
F (1, 161) = 0.15, p = .70 
partial η2 = .001 
F (1, 161) = 0.30, p = .58 
partial η2 = .002 
EJT 
F (1, 161) = 0.71, p = .40 
partial η2 = .004 
MD = .02, SE = .004, p <.001 
(M =.31, SE = .003)o 
(M = .29., SE = .002)y 
F (1, 161) = 2.01, p = .16 
partial η2 = .012 
F (1, 161) = 0.43, p = .51 
partial η2 = .003 
TPR 
F (1, 161) = 2.81, p = .10 
partial η2 = .017 
MD = 1.34, SE = .13, p <.001 
(M = 2.40, SE = .09 )o 
(M = 1.06, SE = .09)y 
F (1, 161) = 5.85, p = .017**, 
partial η2 =.035 
F (1, 161) = 1.27, p = .26 
partial η2 = .008 
Note: * = p<.05, ** = p<.001; o=older adults, y =younger adults; SBP=systolic blood pressure (mmHg); DBP=diastolic blood pressure (mmHg); 
HR=heart rate (bpm); CO=cardiac output (litres per minute); TPR=total peripheral resistance (peripheral resistance units; EJT= (Ejection time). 
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Hierarchical linear modelling  
To further examine the relationship between loneliness and age group 
differences in cardiovascular activity across the different parameters while 
accounting for the hierarchical nature of the data, a series of two-level linear mixed 
models were conducted. Sex, BMI and task order were also controlled for 
For SBP (VAR (u0j) = 325.64, χ
2 (1) = 379.35, p < .001) and CO (VAR (u0j) 
= 1.43, χ2 (1) = 536.26, p <. 001), the model with only the intercept varied was the 
best fit. For MAP (VAR (u1j) = 0.77, χ
2 (1) = 6.55, p < .01), HR (VAR (u1j) = 0.45, 
χ2 (1) = 13.19, p < .001) and EJT (VAR (u1j) =1.04e-6, χ
2 (1) = 4.00, p < .01, the 
models with the intercept and slopes varied demonstrated the best fit. For DBP (Cov 
(uoj, uij) = -2.82, χ
2 (1) = 4.44, p < .05) and TPR (Cov (uoj, uij) = 0.10, χ
2 (1) = 4.37, 
p < .05) the slopes and intercepts significantly covaried. 
The main effect of loneliness and its interaction with age group were not 
significant for each of the cardiovascular measures (ps > .05). However, there was a 
significant effect of age group for each of cardiovascular parameters (ps <.001), 
except for DBP (p >.05) (please see Table 3). For SBP, MAP, EJT and TPR, the 
older adults had significantly higher overall cardiovascular levels compared to the 
younger adults. Whereas for HR and CO, the older adults had significantly lower 
overall cardiovascular levels compared to the younger adults. There was also a 
significant main effect of phase for each of the cardiovascular measures (ps > .05).  
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 Table 4 Summary of HLM results for loneliness & age group differences in cardiovascular activity  
Note: * = p<.05, ** = p<.001, †= older adults compared to younger adults; SBP=systolic blood pressure (mmHg); DBP=diastolic blood pressure (mmHg); 
HR=heart rate (bpm); CO=cardiac output (litres per minute); TPR=total peripheral resistance (peripheral resistance units; EJT= (Ejection time).  
 
 
Phase Age group 
Age group estimate 
fixed effects † 
Loneliness Loneliness*Age group 
SBP F (2, 207.13) = 266.62, p <.001** F (1, 163.82) = 80.18, p <.001** 
b = 29. 98, p < .001** 
t (163.82) = 8.95, 
F (1, 163.82) = .025, p = .87 F (1, 163.82) =0.16, p =.69 
DBP F (2, 200.29) = 276.38, p <.001** F (1,139.66) = 2.05, p = .15 
b = 3.12, p = .15 
t (139.65) = 1.43 
F (1,80.95) = 0.22, p = .64 F (1,85.82) = 0.15, p = .70 
MAP F (2, 207.29) = 322.77, p <.001** F (1, 145.84) = 22.97, p <.001** 
b = 12.12, p < .001** 
t (145.84) = 4.79 
F (1,86.97) = 0.27, p = .61 F (1, 91,53) = 0.10, p = .75 
HR F (2, 192.62) = 62.32, p <.001** F (1, 157.12) = 17.05, p <.001** 
b = -8.34, p < .001** 
t (157.12) = -4.13 
F (1,105.20) = 0.01, p = .95 F (1, 109.51) = 2.49, p = .12 
CO F (2,185.87) = .10.91, p <.001** F (1, 166.15) = 166.15, p <.001** 
b = -2.82, p < .001** 
t (166.15) =-12.89 
F (1,166.15) = 0.16, p = .69 F (1, 166.15) = 0.43, p =. 51 
EJT F (2, 192.18) = 18.14, p <.001** F (1, 154.24) = 34.14, p <.001** 
b = .02, p < .001** 
t (154.24) = 5.84 
F (1, 75.51) = .77, p = .38 F (1,79.78) = 0.20, p = .65 
TPR F (2, 202.11) = 35.12, p <.001** F (1, 140.53) = 113.72, p <.001** 
b = 1.33, p < .001** 
t (140.53) = 10.66 
F (1, 100.66) = 3.88, p = .052 F (1,105.84) = 1.67, p = .20 
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Loneliness & Age Group Differences in CVR  
To examine if differences between the age groups in cardiovascular 
responses are associated with loneliness, a series of the mixed ANCOVAs were 
conducted controlling for sex, BMI and task order (for a full summary of the 
results see Table 3 and Table 4). 
For SBP reactivity, there was a significant interaction effect for task × 
loneliness (F (1, 160) = 5.24, p = .021, partial η2 = .033) with higher loneliness 
predicting less of a SBP response to the speech task but more of response to maths 
task. As indicated by Figure 4, the difference in SBP reactivity between the tasks 
decreased as loneliness increased, representing a proportionally lower SBP 




For illustrative purposes only, the difference in SBP reactivity between the maths and 
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Table 5. Summary of the within subjects effects for loneliness & age group differences in cardiovascular reactivity  
 
 Within subjects effects  
Task Age Loneliness Age* Loneliness 
SBP 
F (1, 160) = 2.82, p = .10 
partial η2 = .017 
F (1, 160) = 5.80, p = .017** 
partial η2 = .035 
F (1, 160) = 5.42, p = .021** 
partial η2 = .033 
F (1, 160) = 6.57, p = .011** 
partial η2 = .039 
DBP 
F (1, 160) = 6.22, p = .014** 
partial η2 = .037 
F (1, 160) = 2.36, p = .13 
partial η2 = .015 
F (1, 160) = 2.43, p = .12  
partial η2 = .015 
F (1, 160) = 2.37, p = .13 
partial η2 = .015 
MAP 
F (1, 160) = 6.21, p = .014** 
partial η2 = .037 
F (1, 160) = 4.02, p = .047** 
partial η2 = .024 
F (1, 160) = 3.55, p = .06 
partial η2 = .022 
F (1, 160) = 3.88, p = .05 
partial η2 = .024 
HR 
F (1, 160) = 0.16, p = .69 
partial η2 = .001 
F (1, 160) = 0.62, p = .43 
partial η2 = .004 
F (1, 160) = .92, p = .34 
partial η2 = .006 
F (1, 160) = 1.29, p = .26 
partial η2 = .008 
CO 
F (1, 160) = 4.97, p = .03 
partial η2 = .030 
F (1, 160) = 0.93, p = .34 
partial η2 = .006 
F (1, 160) =0.47 p = .50 
partial η2 = .003 
F (1, 160) = 0.72, p = .40 
partial η2 = .004 
EJT 
F (1, 160) = 1.14, p =.29 
partial η2 = .007 
F (1, 160) = 0.31, p = .58 
partial η2 = .002 
F (1, 160) = 0.30, p = .58 
partial η2 = .002 
F (1, 160) = 0.44, p = .51 
partial η2 = .003 
TPR 
F (1, 160) = 3.42, p = .66 
partial η2 = .021 
F (1, 160) = 0.01, p = .90 
partial η2 < .001 
F (1, 160) = 0.57, p = .45 
partial η2 = .004 
F (1, 160) = 0.49, p = .49 
partial η2 = .003 
Note: * = p<.05, ** = p<.001; SBP=systolic blood pressure (mmHg); DBP=diastolic blood pressure (mmHg); HR=heart rate (bpm); CO=cardiac output 
(litres per minute); TPR=total peripheral resistance (peripheral resistance units; EJT= (Ejection time).
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Table 6. Summary of the between subjects effects for loneliness & age group differences in cardiovascular reactivity 
  Between subjects effects  
 Age Pairwise comparison for age Loneliness Age* Loneliness 
SBP 
F (1, 160) = 0.14, p = .71 
partial η2 = .001 
MD = 6.78, SE = 2.65, p = .011 
(M = 24.86, SE = 1.68)o, 
 (M = 18.06, SE = 1.58)y 
F (1, 160) = 0.93, p =.34, 
partial η2 = .006 
F (1, 160) = 0.23, p = .63 
partial η2 = .001 
DBP 
F (1, 160) = .44, p =.51 
partial η2 = .003 
MD = -1.07, SE = 1.24, p = .39 
(M =11.28, SE = .84)o 
(M =12.35, SE=.79)y 
F (1, 160) = 1.41, p = .24 
partial η2 = .009 
F (1, 160) = 0.20 p = .66 
partial η2 = .001 
MAP 
F (1, 160) = 0.08 p = .78 
partial η2 = .001 
MD = 1.18, SE = 1.70, p = .49 
(M = 16.95, SE = 1.13)o, 
(M = 15.77, SE = 1.06)y 
F (1, 160) = 1.54, p = 22 
partial η2 = .010 
F (1, 160) = 0.26, p = .61 
partial η2 = .002 
HR 
F (1, 160) = 5.92, p = .016** 
partial η2 = .036 
MD = 1.67, SE = 1.08, p = .12 
(M = 4.88, SE = .72)o 
(M = 3.20, SE = 1.67)y 
F (1, 160) = .37, p = .55 
partial η2 = .002 
F (1, 160) = 4.17, p = .043 
partial η2 = .025 
CO 
F (1, 160) = 0.08, p = .79 
partial η2 < .001 
MD = -.24, SE = .18, p = .17 
(M = .10, SE = .11)o 
 (M = .35, SE = .10)y 
F (1, 160) = 0.14, p = .71 
partial η2 = .001 
F (1, 160) = 0.68, p = .39 
partial η2 = .005 
EJT 
F (1, 160) = 1.05, p = .31, 
partial η2 = .007 
 
MD = .006, SE = .002, p = .001 
(M = .005, SE = .001)o 
(M = -.001, SE = .001)y 
F (1, 160) = 0.31, p = .58 
partial η2 = .002 
F (1, 160) = 0.01, p = .95 
partial η2 < .001 
TPR 
F (1, 160) = 0.58 p = .45 
partial η2 = .004 
MD = .09, SE = .07, p = .24) 
(M = .26, SE = .05)o 
(M = .17, SE = .04)y 
F (1, 160) = .39, p = .53 
partial η2 = .002 
F (1, 160) = 1.50, p = .22 
partial η2 = .009 
Note: * = p<.05, ** = p<.001; o=older adults, y =younger adults; SBP=systolic blood pressure (mmHg); DBP=diastolic blood pressure (mmHg); 
HR=heart rate (bpm); CO=cardiac output (litres per minute); TPR=total peripheral resistance (peripheral resistance units; EJT= (Ejection time). 
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There was also a significant within subject effect of age (F (1, 160) = 5.80, p 
= .017, partial η2 = .035), indicating a greater difference in SBP reactivity between 
older and younger adults for the speech task compared to the maths task, with older 
adults having the greater response. There was a significant interaction effect for task 
× age × loneliness for SBP reactivity (F (1, 160) = 6.57, p = .011, partial η2 = .039), 
suggesting that difference between tasks based on level of loneliness is greater in 
older adults, with lonelier older adults have lower SBP reactivity to the speech task. 
For HR reactivity, there was a significant between-subjects effect of age 
group × loneliness for HR (F (1,160) = 4.17, p = .043, partial η2 = .025).  
   
Figure 5 
For illustrative purposes only, HR reactivity in younger and older adults for low and 
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As can be seen in Figure 5, for those in the high loneliness group, HR 
reactivity to the stress tasks was higher in younger adults but lower in the older 
adults, whereas in contrast for the low loneliness group, HR reactivity was lower in 
the younger adults but higher in the older adults. There was a significant between-
subjects effects of age group (F (1, 163) = 5.92, p = .016, partial η2 = .036), however 
pairwise comparisons were not significant (MD = 1.67, SE = 1.08, p = .12). 
Furthermore, when looking at the groups separately there was a number of 
findings that were specific to each age group. For example, loneliness significantly 
predicted diminished TPR reactivity to speech task but in younger adults only (as 
reported in Study 2). 
Discussion 
Loneliness has previously been found to be associated with age differences in 
CVR. This current study sought to compare CVR across two age groups and 
examine if any differences were associated with loneliness. The results suggest that 
there may be a difference in how loneliness relates to CVR in the younger and older 
adults, with increased loneliness being associated with higher HR responsivity in 
younger adults but lower HR reactivity in older adults. Loneliness was also related to 
lower SBP reactivity to a speech task, again suggesting that stressor type can affect 
this relationship. Additionally, levels of loneliness were compared between the two 
age groups and these were observed to be similar.  
Loneliness & CVR in Younger and Older adults 
The ageing process brings about a physiological decline and loneliness has 
been suggested to contribute to this deterioration (Hawkley et al., 2006; Hawkley & 
Cacioppo, 2007). As mentioned, loneliness has been reported to predict greater age-
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related increases in blood pressure (Cacioppo et al. 2002; Hawkley et al., 2006; 
Hawkley et al., 2010; Ong et al., 2012). For example, when looking at both younger 
and older adults, Ong and colleagues (2012) found that SBP reactivity was greatest 
in lonely older adults. Unexpectedly, according to our findings, for most of the 
cardiovascular parameters, loneliness was not significantly associated with CVR 
differences between the two age groups. However, there was a significant 
association between loneliness and age group for HR reactivity, when adjusting for 
biometrics. Greater loneliness related to higher HR responsivity in younger adults 
but lower HR reactivity in older adults. Therefore, this suggests that the association 
between loneliness and CVR may vary with age. As HR reactivity is thought to 
decreases with age (e.g., Kudielka, Buske-Kirschbaum, Hellhammer, & Kirschbaum, 
2004; Uchino, Birmingham, & Berg, 2010), loneliness may contribute to this process 
as it seems to predict lower HR reactivity levels in older adults. However, more 
research looking at how loneliness relates to changes in HR over time is necessary 
before any specific inferences can be drawn.   
 In contrast to the current findings, Ong et al. (2012) found that increased 
loneliness was associated with increased SBP reactivity and that this relationship 
was greatest in the loneliest older adults. While similar, there were a number of 
distinctions between the stress tasks utilised in the studies. For instance, the maths 
challenges were different, with the current study using an addition-based task (i.e., 
the PASAT (Gronwall & Sampson, 1974) while Ong and colleagues (2012) used a 
subtraction-based task. Furthermore, the current maths task was less adaptable to 
how an individual participant was performing which may have had an effect on task 
engagement. Similarly, the topics were not the same for the public speaking tasks. 
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The current speech involved describing personal characteristics, whereas their task 
focused on defending oneself against a fictional shoplifting allegation.  
Moreover, in Ong et al. (2012), the experimenter actively acted in a way to 
imply a lack of speech quality, whereas in the current study the experimenter was 
instead behind a screen to avoid any such inferences. Variations in the socio-
evaluative threat such as how individuals are evaluated has previously been 
demonstrated to influence responses to stress tasks (e.g., Dickerson, Mycek, & 
Zaldiva, 2008; Bosch et al., 2009). Additionally, despite similar average ages and 
similar levels of loneliness, the age range of the older adult group in our study (55 to 
88 years) was much wider than in Ong and colleagues’ (2012) study (65 to 80 years) 
which may have impacted upon the results.  
Higher levels of loneliness were related to greater overall levels of TPR 
across the entire sample.6  Previously, Cacioppo et al., (2002) and Hawkley et al., 
(2003) reported a relationship between loneliness and greater overall TPR (in 
younger adult samples). Increased vascular resistance contributes to an accelerated 
pathologic aging of cardiovascular system, which predisposes individuals to CVD 
(Franklin & Olsen, 2015). Therefore, the relationship between loneliness and TPR 
could be key to understanding how loneliness impacts upon cardiovascular health 
(Cacioppo et al. 2002; Hawkley & Cacioppo, 2010) and towards explaining some of 
cumulative physiological effects found in other studies (e.g., Hawkley et al., 2006; 
Hawkley et al., 2010; Ong et al., 2012). This is certainly a worthwhile avenue for 
future research.  
                                                          
6  However, as outlined in Study 2 and Study 3, when looking at the groups separately 
the relationship between loneliness and greater overall TPR was only significant for 
older adults and not younger adults. 
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Furthermore, loneliness was found to predict lower SBP reactivity to the 
speech task. As already highlighted in previous chapters, greater loneliness appears 
to be associated with a diminished cardiovascular response to this speech task. For 
instance, as reported in Study 2, loneliness was connected to diminished TPR 
reactions to the speech task in younger adults. Moreover, this provides support for a 
similar finding from Study 3 regarding loneliness predicting lower SBP reactivity to 
the speech task, as when looking at this amalgamated sample this relationship was 
also significant. However, in this case it was demonstrated using the full 20-item 
UCLA loneliness scale, where as previously in Study 3, it was only significant for 
the 3-item UCLA loneliness scale. Overall, this suggests that specific aspects of this 
public speaking task may be particularly relevant to any associations between 
loneliness and psychophysiological reactivity to stress. This is likely because it was 
more socially-oriented than the maths challenge. Lonely individuals appear to be 
more sensitive to socially relevant threats (Bangee et al., 2014; S. Cacioppo et al., 
2015; S. Cacioppo et al., 2016; Nowland et al., 2018). Additionally, this further 
highlights the possibility of a relationship between loneliness and blunted CVR. 
Loneliness and Age 
Often loneliness is portrayed as an issue that is experienced most in old age. 
In the current study, there was no significant difference between levels of loneliness 
for the older and younger adults on the 20-item UCLA loneliness scale. This is 
consistent with previous research which has found no age difference in levels of 
loneliness (Cacioppo et al., 2002; Ong et al., 2012) and recent studies that challenge 
the commonly held assumption that older adults are much lonelier than other age 
groups (Dykstra, 2009; Lasgaard Friis & Shevlin, 2016; Luhman & Hawkley, 2016; 
Victor & Yang, 2012). Interestingly, greater age did predict higher loneliness within 
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the older adults but not within the younger adults. According to longitudinal 
research, older adults do appear to generally get lonelier over time (Dykstra, Van 
Tilburg & Jong, 2005), which is likely due to changes in social relationships 
becoming more pronounced, such as the loss of loved ones through bereavement. 
Despite this, the findings suggest that the overall levels of loneliness experienced by 
younger and older adults are similar. Though, this does not necessarily mean that the 
aspects underpinning loneliness are the same at every age (e.g., Böger & Huxhold, 
2018; Green, Richardson, Lago, & Schatten-Jones, 2001). It instead highlights the 
sheer scale of its shared impact. As such it is essential that we identify ways in which 
loneliness influences health, so that they can be addressed effectively regardless of 
age.  
Limitations and Future Research  
This study focused on younger and older adults but to gain a more 
comprehensive understanding of the various relationships between age, CVR, and 
loneliness, other age groups should be considered. For instance, the dynamics of 
these associations may be particularly meaningful in the intervening years between 
these age groups (i.e., middle age adults), especially if the effects of loneliness do 
accrue over time as suggested (Hawkley & Cacioppo, 2010). Future research should 
therefore attempt to address this by drawing on data from midlife samples. Another 
limitation of the present study is that it is cross-sectional in nature and therefore 
causality cannot be directly inferred. As such, the levels of loneliness and the 
cardiovascular measurements of the older adults when they were younger are 
unavailable. Having this information would allow for a greater examination of the 
role of loneliness in physiological changes over time. In line with this, it may be 
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worthwhile conducting longitudinal studies with the purpose of observing the 
relationship between loneliness and CVR as we age. 
Conclusion  
In summary, there was some indication that loneliness was associated with 
CVR differently in the two age groups, with greater loneliness predicting higher HR 
reactivity in young adults but lower HR reactivity in older adults. Therefore, it is 
possible that age could be an important moderating factor on how loneliness relates 
to cardiovascular responsivity. In addition, older adults were not found to have 
significantly higher levels of loneliness than younger adults. Finally, loneliness was 
related to diminished SBP reactivity to the public speaking stressor. Thus, suggesting 
that the social nature of a stressor may affect how loneliness relates to CVR. Overall, 
this study provides further insight into some of the possible factors moderating the 
association between loneliness and CVR to acute stress. It also contributes to the 
limited literature comparing CVR in younger and older adults by examining 
cardiovascular responses to the same stressors, using the same lab setting.  
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Integrated Summary of Studies 
Loneliness is one of the realities of being human and most of us will 
experience it at some point in our lives. Despite this, there remains a remarkable 
amount we do not understand about loneliness and its relationship to health. The 
present thesis examined the relationship between loneliness and cardiovascular 
reactivity (CVR) to acute psychological stress. This was achieved through a 
systematic review and three studies all of which examined the loneliness-CVR 
association. Overall, the findings suggest that greater feelings of loneliness have an 
effect upon CVR, a psychophysiological pathway known to lead to negative health 
outcomes such as cardiovascular disease. One of the main advancements made by 
this thesis was demonstrating that the associations between loneliness and atypical 
stress reactivity may include diminished cardiovascular responding. This thesis 
demonstrated that the nature of stressors can play a part in this relationship too. 
Furthermore, in comparison to other studies only looking at blood pressure 
reactivity, this thesis demonstrates the importance of looking at the wider range of 
haemodynamics, as they can provide deeper insight into how loneliness affects 
cardiovascular functioning. However, a number of methodological and conceptual 
issues warrant further discussion.  
Overview of Study 1 (Systematic Review)  
With several contradictory findings identified in prior research, the 
systematic review was conducted to assess how loneliness relates to physiological 
stress reactivity. In terms of CVR, the majority of the studies reported that greater 
loneliness was significantly associated with exaggerated blood pressure reactivity 
(Nausheen et al., 2007; Ong, Rothstein & Uchino, 2012; Steptoe et al., 2004). This 
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relationship was not observed across all studies though (e.g., Cacioppo et al., 2002; 
O’Donovan & Hughes, 2007).  Furthermore, in one study, loneliness was found to be 
related to lower cardiac reactivity (Cacioppo et al., 2002; Cacioppo et al. 2000), 
suggesting a blunted stress response in some cardiovascular parameters.  Overall, the 
results of the systematic review did provide general support for a significant 
relationship between loneliness and atypical CVR, with support for both exaggerated 
and blunted responses. However, more studies examining how loneliness affects 
CVR to acute stress are certainly needed.  
The systematic review also found some variation in the association between 
loneliness and CVR across different stressor type. For example, Cacioppo et al., 
(2002) found that loneliness was only significantly connected to a lower HR 
response to public speaking elements. Whereas, higher levels of implicit loneliness 
were found to be significantly related to greater DBP reactivity to a mental 
arithmetic challenge but not to a public speaking-based task (Nausheen et al., 2007). 
Therefore, there was some indication that the relationship between loneliness and 
reactivity does vary depending on the nature of the stressor. It was difficult to 
discern any meaningful pattern beyond this, given the distinctive methodologies 
employed in only a small handful of studies. Thus, this made it important to 
investigate further if this loneliness-CVR association is comparable across 
commonly used stress tasks such as public speaking and arithmetic challenge.   
Overview of Study 2 
Building on the previous research identified by the systematic review, Study 
2 examined the relationship between loneliness and CVR in a sample of younger 
adults. Beyond attempting to conceptually replicate the prior findings, this study also 
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assessed if this relationship would differ based on the type of stressors experienced. 
Study 2 found that higher levels of loneliness predicted diminished total peripheral 
resistance (TPR) reactivity to stress but only to a public speaking task. The 
connection between loneliness and dysregulation in hemodynamic mechanisms such 
as TPR could be important in explaining the impact of loneliness on cardiovascular 
functioning. Additionally, when adjusting for potential confounding variables, higher 
loneliness was associated with increased heart rate (HR) reactivity again to the 
speech task but not the arithmetic challenge. While loneliness has been previously 
linked to HR responses (e.g., Cacioppo et al., 2000; Cacioppo et al. 2002), this was 
the first study to suggest a potential exaggerated pattern in HR reactivity. This 
further adds to the evidence connecting loneliness with possibly atypical CVR to 
acute stress.  
As mentioned, loneliness was only associated with CVR reactivity to the 
speech task and not the maths task. This further demonstrates the potential role that 
stressor type has in how loneliness relates to CVR. Previous research has reported 
divergent findings between different stress tasks, both within and between studies 
(e.g., Nausheen et al., 2007; Cacioppo et al. 2002). Interestingly, this significant 
association was observed for the more socially relevant of the two tasks suggesting 
that the social aspect may be an important factor in understanding this process. This 
interpretation is consistent with the proposal that individuals experiencing loneliness 
respond differently to more socially relevant threats (Cacioppo & Hawkley, 2009; 
Cacioppo et al., 2009; Bangee et al., 2014; Cacioppo et al., 2015; Cacioppo et al., 
2016). These findings suggest that this hypothesised change may extend to 
physiological stress responding as well. However, loneliness was not associated with 
several other CVR parameters meaning that this relationship may not be as straight 
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forward as previously thought only occurring under certain conditions. It is also 
possible that some bio-markers may be more sensitive to loneliness than others. 
Overview of Study 3 
Study 3 examined the relationship between loneliness and CVR in older 
adults but expanded upon Study 2, by also investigating if the findings remained 
consistent across different versions of a loneliness measure. Various forms of 
loneliness measures (particularly in the case of the UCLA) have been utilised and 
this may be at least partially responsible for some of the inconsistences in previous 
findings (e.g., Jorgensen 2018). As in Study 2, the role of stressor type was explored. 
Higher levels of loneliness were related to diminished systolic blood pressure 
(SBP), however only when loneliness was measured using the 3-item UCLA 
loneliness scale (Hughes, Waite, Hawkley & Cacioppo, 2004) but not the full 20-
item UCLA scale (version 3) (Russell, 1996). This highlights the need to more 
closely inspect the loneliness measures employed in research. As in Study 2, there 
appeared to be differences between stress tasks, with loneliness only being related to 
lower SBP for the speech task and not the arithmetic challenge, emphasising the role 
that different stressor can have in terms of the loneliness-CVR association. Overall, 
this study supports previous findings of an association between loneliness and CVR 
in older adults. Additionally, loneliness was associated with higher TPR levels as 
well regardless of how loneliness was assessed. This further suggests a link between 
loneliness and possibly negative pattern of changes in cardiovascular functioning.  
Overview of Study 4 
Study 4 sought to determine if loneliness was associated with any age 
differences in CVR between the younger and older adults from the previous studies. 
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Previously, research had demonstrated that age differences in blood pressure 
responses were greater in lonely individuals (Ong et al., 2012). While the current 
study was unable to replicate previous findings, it did provide some evidence of 
potential differences in how loneliness relates to CVR in younger and older adults. 
Greater loneliness was associated with higher heart rate in younger adults but lower 
heart rate in older adults. Future research will be necessary to explore if loneliness is 
linked to changes in CVR over time. Additionally, increased loneliness was found to 
be significantly associated with diminished SBP reactivity to a public speaking task. 
Therefore, as with the findings from Study 2 and Study 3, Study 4 provides added 
support for a relationship between loneliness and CVR to acute stress, along with 
highlighting further the potential importance of contextual factors. 
 
Overall Implications of the Findings 
Loneliness and Cardiovascular Reactivity to Acute Psychological Stress 
The present findings provide support for an association between loneliness 
and atypical CVR however, they also indicate that this relationship may be more 
nuanced than previously thought. Our results provide more evidence of a connection 
between loneliness and blunted patterns of CVR. This challenges the notion that the 
loneliness-CVR relationship is simply exaggerated across all cardiovascular 
parameters. These findings also contribute to the idea that the vascular system has an 
important role in how the cardiovascular effects of loneliness manifest themselves. 
This is in line with previous suggestions that disruption in TPR represents an earlier 
indicator of the physiological impact of loneliness (Cacioppo et al., 2002; Hawkley 
& Cacioppo, 2010). Futhermore, this is underscored by the association between 
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loneliness and greater levels of TPR found in the older adults, suggesting that higher 
levels of loneliness are connected to differences in the functioning of this key 
haemodynamic mechanism.  
Not all the CVR findings were uniform in direction as there was some 
indication that loneliness was associated with an exaggerated response in HR. 
Increased HR during a stressor is seen as measure of increased engagement (Seery, 
2011), however greater HR responses have also been demonstrated in situations 
manipulated to be more threatening (Williams, Veldhuijzen van Zanten, Trotman, 
Quinton, & Ginty, 2017). This is interesting considering the possibility of a positive 
HR association with loneliness in younger adults, which again was specific to the 
more socially relevant stressor.  Given the decreased TPR reactivity, this could 
indicate the existence of a compensatory relationship as greater HR typically occurs 
when vascular resistance is lower (Elango, Bhura, Osmond & Izzo, 2016). Again 
though, this was not in line with prior research which reported lower HR reactivity in 
lonely individuals compared to non-lonely individuals (Cacioppo et al., 2000; 
Cacioppo et al., 2002). 
Taken together, these findings suggest a level of disruption in individual 
cardiovascular responses to stress attributable to increased levels of loneliness. In 
fact, the results from the present thesis are in line with the idea that atypical CVR 
may represent a pathway through which loneliness can lead to poorer cardiovascular 
health (Cacioppo et al. 2002; Hawkley & Cacioppo, 2010; Steptoe et al. 2004). 
However, given that this observation was not found consistently across all CVR 
measures this association may only be relevant for specific cardiovascular 
parameters. Taking into account previous findings (e.g., Cacioppo et al., 2002; 
Hawkley et al. 2003) and the findings of the current thesis, TPR appears to be one 
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the cardiovascular parameter that is most vulnerable to the negative effects of 
loneliness.  
However, as discussed earlier, an alternative explanation for the lower TPR 
response observed in lonelier younger adults exists. Previous studies have suggested 
that a decrease in TPR in response to stress may be a more adaptive response (Gregg, 
Matyas & James, 2002; Hughes, Howard, James & Higgins, 2011; Howard, Hughes 
& James, 2011; James, Gregg, Matyas, Hughes & Howard, 2012). For instance, 
comparable reductions in vascular responding to a similar speech task have been 
observed when individual had a desired companion with them during a stressor 
rather than being alone (Christian & Stoney, 2006). Therefore, as those high in 
loneliness had lower TPR responses, there is the possibility that loneliness may 
encourage a less detrimental response to social relevant stressors. One of the 
suggested purposes of loneliness is to encourage engagement in social situations 
(Cacioppo et al., 2009; Cacioppo et al., 2014), this increased engagement would 
increase the risk for the individual from social based stressors. Therefore, to help 
protect individuals, loneliness may also prepare the physiological system so as to put 
them at less risk of developing a negative pattern of vascular responding to social 
stressors. However, the exact nature of the relationship between loneliness and 
haemodynamic responses to stress have yet to be determine and more research will 
be needed to help us better understand if this represents a positive or negative 
association in terms of cardiovascular health.   
.  Loneliness and Age Differences in CVR 
The health effects of loneliness are thought to accrue over time contributing 
to the physiological deterioration of aging (Hawkley & Cacioppo, 2007). In line with 
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this, Ong et al., (2012) previously reported that systolic blood pressure reactivity was 
greatest in lonely older adults. In Study 4 of the present thesis, the relationship 
between loneliness and HR reactivity was found to differ by age group, with greater 
loneliness predicting higher HR responses in younger adults but lower HR responses 
in older adults. As HR reactivity has been shown to decrease with age (Uchino, 
Birmingham & Berg 2010), the fact that greater loneliness related to lower HR in 
older adults could indicate that it does lead to greater age-related differences in CVR. 
However, longitudinal studies will be needed to more conclusively examine if 
loneliness does contribute to physiological deterioration as individuals age. 
Likewise, the present thesis did not replicate the previous findings that loneliness is 
associated with age differences in SBP reactivity. Therefore, this provides very 
limited support for the notion that age-related differences in CVR reactivity differ 
with increased levels of loneliness. Regardless, given that the cardiovascular effects 
of loneliness are understood to accrue over time, this should remain a key area of 
interest.  
The CVR Hypothesis 
These results support the broadening of the CVR hypothesis, such that 
atypical or maladaptive physiological reactivity in either direction (i.e., exaggerated 
or blunted) be considered as possibly harmful (Carroll et al. 2017; Carroll, Philips & 
Lovallo, 2012; Lovallo 2011). There is already a sizable amount of evidence 
suggesting that the relationship between CVR and health is likely curvilinear, with 
cardiovascular responses at either end of the CVR spectrum being detrimental 
(Carroll, Phillips & Lovallo, 2011; Lovallo 2011; Phillips, Ginty & Hughes, 2013). 
The current findings likewise suggest that it may be worth considering that the 
direction of atypical responses may not always be the same across the cardiovascular 
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system. Blunted responses may involve reductions in cardiovascular parameters but 
may coincide with increases in others (O’Leary, Howard, Hughes & James, 2013). 
This is reasonable considering that compensatory relationships exist in different 
physiological systems including between different haemodynamic factors such as 
between TPR and CO (James et al. 2012). Therefore, the effect of loneliness on CVR 
may take the form of both excessive and inadequate responses depending on the 
cardiovascular parameter. Additionally, it may be equally restrictive to assume that 
these associations remain the same across all contexts, particularly during different 
types of stress. 
Does the Type of Stressor Matter?  
Previous studies have reported that patterns of cardiovascular responsivity 
can vary depending on the features of the stress task being experienced (al'Absi et 
al., 1997; Bosch et al., 2003; Trotman, Williams, Quintion & Veldhuijzen van 
Zanten, 2018). Furthermore, there are multiple examples of studies demonstrating 
differences in the impact of psychosocial factors upon cardiovascular responses to 
stress depending on how socially salient the stressor is (Bibbey, Carroll, Ginty & 
Phillips 2015; Hughes & Callinan, 2007). It has been proposed that loneliness results 
in individuals becoming hyper attentive to socially relevant information and more 
sensitive to possible social threats (Cacioppo & Hawkley, 2009; Cacioppo et al., 
2009; Bangee et al., 2014; Cacioppo et al., 2014; Cacioppo et al., 2016; Nowland et 
al., 2018). A situation is typically perceived as a social threat, when an individual 
feels an important aspect of their self-identity could be judged negatively by another 
person or group, which would in turn increase the risk of them not being socially 
accepted (Smith & Jordon, 2014). In the case of the current research, the speech task 
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as it focused on personal characteristics was considered a more socially-oriented 
form of stress than the maths challenge.  
While the systematic review could not establish any clear pattern due to the 
heterogeneity of prior findings, there were some indication that the relationship 
between loneliness and CVR varied between different types of stressor. Across all 
three empirical studies in the present thesis, loneliness was associated with atypical 
cardiovascular responsivity but specifically to giving a public speech describing 
good and bad qualities about yourself. In light of this, our results appear to indicate 
that higher loneliness is linked to maladaptive cardiovascular responses particularly 
to a more social oriented stressor. This could prove to be important given that there 
are many similar everyday stressful social situations where a lonely individual may 
have to present themselves such as a job interview, on a date or when trying to join a 
new group. As such, this thesis makes a theoretical meaningful contribution by 
highlighting that the social nature of stressors may play a role in how loneliness 
influences CVR to stress. This may be key to understanding how loneliness may 
heighten the risk of negative cardiovascular outcomes. 
Psychological Stress  
Previously, others have found that lonely individuals are more likely to report 
stressors as more stressful (Hawkley et al., 2003; Segrin & Passalacqua, 2010). 
However, in Study 2 and Study 3, there was no significant relationship between 
loneliness and stress appraisals. In addition, in Study 3, loneliness was not 
significantly associated with changes in how stressed an individual felt before and 
after the stressors. However, this is not unique to this topic, with wider stress 
reactivity research reporting a dissociation between psychological and cardiovascular 
Chapter 6. General Discussion  
186 
stress responses (e.g., Trotman, Williams, Quintion & Veldhuijzen van Zanten, 
2018). As highlighted by Steptoe et al. (2004), no significant relationship between 
loneliness and subjective stress ratings could suggest that these physiological 
disturbances associated with loneliness are not reliant on differences in individual 
perceptions of stressfulness. Therefore, the associations shown here likely represent 
deeper psychophysiology changes that result in an instinctive response to socially 
based stressors. This could also indicate that lonely individuals continue to perceive 
stressors the same as non-lonely individuals, unaware that they are inherently 
responding differently to stress.  
Loneliness Measurement  
More recently, Jorgensen (2018) postulated that the use of various forms of 
loneliness measures (particularly in the case of the UCLA) could partially explain 
some of the inconsistences in relation to loneliness links to cardiovascular outcomes 
in larger studies. With this in mind, Jorgensen (2018) suggested that it would be of 
interest to compare the findings from the 3-item UCLA (Hughes, Waite, Hawkley & 
Cacioppo, 2004) and the 20-item UCLA loneliness scales, as it is likely that the 
shorter scale may capture only a specific dimension of loneliness. Study 3 included 
both measures to test this. Study 3 demonstrated that the association between 
loneliness and the diminished SBP response was only significant when loneliness 
was assessed by the shorter 3-item UCLA-LS. As mentioned previously, the 3-item 
UCLA loneliness scale (Hughes, Waite, Hawkley & Cacioppo, 2004) appears to 
measure a specific dimension of loneliness focusing in on the perceived isolation 
aspect (Hawkley, Browne & Cacioppo, 2005). This has parallels to the findings by 
Nausheen et al., (2007) who only observed a significant association with CVR for 
implicit rather than explicit loneliness. It is possible that this implicit measure taps 
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into a more specific aspect of loneliness than the explicit measure (i.e., full 20-item 
UCLA loneliness scale). Therefore, issues surrounding which aspect of loneliness is 
being measured could offer some insight into why findings appear to be inconsistent 
across different studies and may help explain why we were unable to replicate some 
of the past findings.   
These findings add to the wider debate of whether a unidimensional approach 
to loneliness is capturing the complexity of this emotional response. For example, 
recently, only emotional loneliness was connected to greater mortality in older adults 
but not social loneliness (O'Súilleabháin, Gallagher & Steptoe, 2019). Therefore, we 
must ask ourselves meaningful questions about how we choose to measure 
loneliness. If the different available loneliness measures are assessing the same 
emotional construct than one would expect the individual results to be similar across 
them. This can be equally said for different formulations of the same scale 
particularly when they vary in length. It would be useful for future research to test if 
this is the case more thoroughly. If findings do vary considerably, as indicated by 
our own studies, more work will be needed exploring the reliability of individual 
loneliness measures particularly in terms of health outcomes.  
Strengths  
This thesis clarified the current available evidence about a key 
psychophysiological pathway by which loneliness has been proposed to influence 
cardiovascular health. Building upon this, through attempting to conceptually 
replicate and extend upon the previous findings, it tackled some of the remaining 
questions about the association between loneliness and CVR. One of the main 
objectives was to use more sensitive and comprehensive measurement of 
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cardiovascular functioning than had been used in most of the previous research 
looking the loneliness-CVR association in both younger and older adults. By using a 
beat to beat blood pressure monitor, that also measured hemodynamic parameters, 
we were able to achieve this. This addressed a gap in the literature which Ong et al. 
(2012) previously highlighted. They had called for the loneliness-CVR association to 
be investigated using such methods. As part of this thesis, advanced statistical 
techniques (e.g., mixed linear modelling) were utilised to examine in greater detail 
the exact nature of these relationships than had been done before. Akin to this, it 
allowed for a direct statistical comparison of how loneliness related to CVR to each 
of the stress tasks, something which has not been performed in most of the previous 
research.  
Methodological Limitations 
The present thesis adds to our understanding of how loneliness relates to 
cardiovascular responses to stress. However, there are number of limitations that 
need to be considered. As with any study there always remains the possibility that 
there are other variables that may be important to understanding how loneliness 
influences physiological health. All the same, key biometric measures such as sex 
and BMI were adjusted for throughout. In Study 2, while being healthy was a 
requirement, depression and anxiety levels were not directly measured in the 
younger adults so could not be included as control variables. Given that loneliness 
relates to both depression symptomatology (Cacioppo, Hawkley & Thisted, 2011) 
and increased risk of anxiety (Beutel et al., 2017), it would be prudent to directly 
control for them in future studies. In line with this, Study 3 did adjust for both 
depression and anxiety levels. Likewise, while loneliness and social isolation are 
distinct constructs, they have both been found to have implications for health and 
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each other (Beller & Wagner, 2018; Holt-Lunstad et al., 2015). So, it may be 
beneficial to control for social isolation as well to get a better sense of any 
independent health effects of loneliness on CVR.  
Another limitation is that while the UCLA loneliness scale, gives an 
indication of how often an individual experiences loneliness, there was no way of 
telling how lonely the individual felt at the time of the session. The inclusion of a 
state measure of loneliness in future may be useful for this purpose. However, some 
consideration should be given to how this is formulated as directly asking how 
lonely an individual feels may have unintended drawbacks. For instance, there 
continues to be a social stigma surrounding loneliness, therefore individuals may be 
reluctant to report feeling lonely due to social desirability. 
Both tasks did involve a social evaluation element, therefore the maths task 
may not have been as asocial as intended. In hindsight, it may have been better to use 
a maths challenge which completely negated any such social aspects. However, as 
both tasks were designed to have the same social evaluation element, this does limit 
any potential confounding from having discrepancies in the level of socio-evaluative 
threat (e.g., Bosch et al., 2009) which can affect how individuals respond to stress 
tasks. This arguably makes the task specific associations even more intriguing as it 
suggests that this goes beyond one simply having a social evaluation element. 
Similarly, as both tasks required a speech element this helped control for this as a 
possible explanation for any differences. Likewise, the cardiovascular measurements 
were averaged across the various periods, therefore a more in-depth analysis of the 
changes during the task may reveal in even greater details any differences in 
cardiovascular functioning due to loneliness.  
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Future Research  
One of the key methodological advances of this thesis is highlighting the 
potentially influential role of stressor type. Theoretically, it would make sense that 
the biological systems involved in how individuals respond to socially based 
stressors are more susceptible to the effects of loneliness. Particularly, given that a 
greater attention to socially relevant stimuli has already been identified in those 
experiencing loneliness (e.g., S. Cacioppo et al., 2016). However, much more work 
is needed to establish if this applies to other stressors too. For instance, investigating 
the relationship between loneliness and CVR using a variety of other social and 
asocial stressors would be an important next step. If the social nature proves to be 
crucial, then it may be beneficial for interventions to try to improve the health of 
lonely individuals by specifically targeting reactions to social stress.   
Building on this further, it may be worthwhile conducting additional research 
in which the participant is facing stressors by themselves or with others. How lonely 
individuals react when faced with different levels of explicit social pressures (such as 
having to work with others to complete a task or deal with a stressor) would be 
beneficial in helping our understanding of any socially specific effects of loneliness 
on CVR in a more ecological context. Future research should be extended beyond 
the laboratory as well. Previously, Hawkley and colleagues (2003) have utilised both 
ambulatory monitoring and experiencing sampling to examine how loneliness relates 
to cardiovascular activity in everyday life. Using similar methods, investigating the 
role of naturally occurring social stressors could provide useful insight into the 
relationship between loneliness and cardiovascular functioning, once again in a more 
ecological setting.  
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Future research should continue to examine how loneliness is assessed when 
investigating CVR to stress. In this regard, it may be useful to compare results from 
other measures that do breakdown the proposed dimensionalities of loneliness. For 
instance, social and emotional loneliness have been suggested to relate to different 
reactions and outcomes (DiTommaso & Spinner, 1997; O'Súilleabháin, Gallagher & 
Steptoe, 2019; Russell, Cutrona, Rose, & Yurko, 1984; Weiss, 1973). The UCLA 
Loneliness Scale (Version 3; Russell, 1996) used in the current thesis may indirectly 
focus more on social loneliness rather than emotional loneliness (e.g., Cramer & 
Barry, 1999). Therefore, it could be beneficial to use a scale like the de Jong-
Gierveld Loneliness Scale (De Jong Gierveld & Van Tilburg, 1999), which has these 
specific subscales, facilitating a more direct comparison between these two 
purported subtypes of loneliness. Therefore, developing on from the findings of the 
current thesis, it would be of methodological interest to see if the associations 
between loneliness and CVR varied across other approaches to measuring loneliness. 
Another recommendation for future research is to conduct longitudinal 
studies so as to explore how the relationship between loneliness and CVR may 
change over time. This would also help in the examination of the role of loneliness in 
age related changes in CVR. For example, Hawkley et al. (2010) observed that 
loneliness predicted blood pressure increases over time using longitudinal data. 
Using the same approach but also focusing on CVR to stress would be worthwhile. 
Similarly, follow up studies could be conducted to investigate if early associations 
between loneliness and reactivity predict future cardiovascular health.  
Conclusion  
The present thesis builds upon previous research on the relationship between 
loneliness and CVR to stress. First, it has provided further support for an association 
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between greater loneliness and atypical cardiovascular responses to stress. 
Additionally, it suggests that these cardiovascular responses may not always be 
exaggerated but may also be blunted in nature. These associations also appear to 
extend to wider haemodynamics. Second, the thesis highlighted the role that the type 
of stressor experienced may have in how loneliness affects cardiovascular 
responding. Third, how loneliness is measured is an important methodological 
consideration for those trying to understand this relationship in future, as findings 
may not be consistent across different loneliness assessment. Finally, how loneliness 
associates with CVR may differ between younger and older adults. Overall, this 
research demonstrates a plausible psychophysiological pathway by which loneliness 
could influence cardiovascular health. Moreover, this thesis has identified several 
methodological areas meriting further attention in loneliness research, both in the 
context of cardiovascular reactivity to stress, and in relation to broader health 
processes and outcomes.  
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UCLA Loneliness Scale Version 3 (Russell, 1996) 
 
For each statement please indicate how often you feel the way 
described. How often do you feel…? 
 Never Rarely Some 
times 
Often 
1) You are "in tune" with the people 
around you 
1  2  3  4  
2) That you lack companionship 1  2  3  4  
3) That there is no one you can turn to 1  2  3  4  
4) Alone 1  2  3  4  
5) Part of a group of friends 1  2  3  4  
6) That you have a lot in common with 
the people around you 
1  2  3  4  
7) That you are no longer close to 
anyone 
1  2  3  4  
8) That your interests and ideas are not 
shared by those around you 
1  2  3  4  
9) Outgoing and friendly 1  2  3  4  
10)  Close to people 1  2  3  4  
11)  Left out 1  2  3  4  
12) That your relationships with others 
are not meaningful 
1  2  3  4  
13) That no one really knows you well 1  2  3  4  
14) Isolated from others 1  2  3  4  
15) You can find companionship when 
you want it 
1  2  3  4  
16) There are people who really 
understand you 
1  2  3  4  
17) Shy 1  2  3  4  
18)  That people are around you but not 
with you 
1  2  3  4  
19)  That there are people you can talk to 1  2  3  4  





Three-Item UCLA Loneliness Scale (Hughes, Waite, Hawkley & Cacioppo, 2004) 
 
The next questions are about how you feel about different aspects 






1) How often do you feel that you 
lack companionship? 
1 2 3 
2) How often do you feel left out? 1 2 3 
3) How often do you feel isolated 
from others? 



























Participant Information Sheet 
 
“Social relationships and responses to everyday stressors” 
 
Please Read Carefully Before Signing Informed Consent 
 
Invitation to Participate: We are inviting you to take part in a research 
study. This study is designed to explore how certain everyday experiences of 
stress can effects blood pressure and cortisol levels. This study is being 
conducted by researchers from the psychology department. 
 
What is my role? 
If you consent to take part in this study, you will be asked to attend a 1hr and 
40 minute testing session in the Health Lab in the Psychology Department. 
You will be asked to:  
 
1. Complete questionnaires about different personal characteristics and 
behaviours  
2. Relax for a short period  
3. Complete a maths task and speech task  
4. Have your blood pressure monitored throughout using a finometer. 
5. Provide a number of saliva samples 
  
Can anyone take part? Participation is open to students in the University of 
Limerick aged 18 years or over who do not have a diagnosis of cardiovascular 





Voluntary participation: Participation in this research is voluntary. You may 
decide to withdraw from this research at any time. 
 
What are the benefits and risks? Upon the completion of this study you will 
be awarded 4 credits. If credits are not applicable you will be entered into a 
draw for a €50 All for One Voucher.  
 
What happens to the information? 
Any information that we obtain from this study about you, including your 
name, will be confidential.  
 
Are there any other constraints? 
Yes, if you decide to participate you must not exercise or consume alcohol for 
12 hours before the testing sessions.  You must not consume caffeine or 
nicotine two hours nor eat for one hour before this session. You must not have 
brushed your teeth for two hours nor have drunk anything but water for half 
hour before hand.  
 
Do I have to sign anything? 
Yes, if you agree to participate we will ask you to sign a Consent Form.  This 
is to show that you have understood what is involved and that you have read 
the Information Sheet.  You can still withdraw at any time.  
 
If you have any questions or would like further information, please feel 
free to contact Dr Stephen Gallagher (Stephen.gallagher@ul.ie) + 353 61 
234899, or Dr Ann-Marie Creaven (Ann-Marie.Creaven@ul.ie).   
 
If you have any concerns about this study and wish to contact someone 
independent you may contact:  Chairman Education and Health Sciences 
Research Ethics Committee, EHS Faculty Office, University of Limerick, Tel 
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Participant Information Sheet 
 
“Loneliness, Stress and Health Study” 
 
Invitation to Participate: We are inviting you to take part in a 
research study. It is designed to explore how loneliness is connected 
to health, particularly how it might impact our responses to 
everyday stress. This study is being conducted by researchers from 
the Psychology Department of the University of Limerick. 
 
What is my role? 
If you consent to take part in this study, you will be asked to attend 
a 60 minute testing session in the Health Psychology Lab in UL. 
You will be asked to:  
 
6. Complete a questionnaire about your social relationships & your 
health behaviours 
7. Complete both a maths and a speech task 
8. Relax for a short period of time 
9. Have your blood pressure monitored throughout using a blood 
pressure monitor. 
 
Can anyone take part? Participation is open to anyone aged 55 
years or older.   
 
Voluntary participation: Participation in this research is voluntary. 
You may decide to withdraw from this research at any time. 
 
What are the benefits and risks? You will have your blood 
pressure checked and upon the completion of this study you will 
received €10 to reimburse you for any expenses. You will also be 
entered into a draw for All-for-One Vouchers. The risks of taking 






What happens to the information? 
Any information that we obtain about you, including your name, 
will be confidential.  
 
Are there any other constraints? 
Yes, if you decide to participate you must avoid exercising 
vigorously or consuming alcohol for 12 hours before the testing 
sessions. You must not consume caffeine (e.g., tea, coffee) or 
nicotine (e.g., smoking) for two hours nor eat for one hour before 
this session.  
 
Do I have to sign anything? 
Yes, if you agree to participate we will ask you to sign a Consent 
Form. This is to show that you have understood what is involved 
and that you have read the Information Sheet. You can still 
withdraw at any time.  
 
If you have any questions or if you would like further information, please 
feel free to contact: Eoin Brown (eoin.brown@ul.ie) (Mobile No.), Dr 
Stephen Gallagher (Stephen.gallagher@ul.ie) + 353 61 234899, or Dr Ann-
Marie Creaven (Ann-Marie.Creaven@ul.ie).  
 
If you have any concerns about this study and wish to contact someone independent 
you may contact: Chairperson of the Education and Health Sciences Research Ethics 



























I have read the information sheet and I am aware of what is 
expected of me if I agree to participate in this research. I 
voluntarily agree to participate in this study. I know that I can 
withdraw from participation at any time and that any information 














Investigator:                                                                       Date: 
 
 
 
